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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

NFPA® codes, standards, recommended practices, and guides (“NFPA Standards”), of which the document
contained herein is one, are developed through a consensus standards development process approved by the
American National Standards Institute. This process brings together volunteers representing varied viewpoints
and interests to achieve consensus on fire and other safety issues. While the NFPA administers the process and
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in NFPA Standards.

The NFPA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use
of, or reliance on NFPA Standards. The NFPA also makes no guaranty or warranty as to the accuracy or
completeness of any information published herein.

In issuing and making NFPA Standards available, the NFPA is not undertaking to render professional or other
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
this document. Any certification or other statement of compliance with the requirements of this document shall
not be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.

REVISION SYMBOLS IDENTIFYING CHANGES FROM THE PREVIOUS EDITION

Text revisions are shaded. A Δ before a section number indicates that words within that section were
deleted and a Δ to the left of a table or figure number indicates a revision to an existing table or
figure. When a chapter was heavily revised, the entire chapter is marked throughout with the Δ
symbol. Where one or more sections were deleted, a • is placed between the remaining sections.
Chapters, annexes, sections, figures, and tables that are new are indicated with an N .

Note that these indicators are a guide. Rearrangement of sections may not be captured in the
markup, but users can view complete revision details in the First and Second Draft Reports located in
the archived revision information section of each code at www.nfpa.org/docinfo. Any subsequent
changes from the NFPA Technical Meeting, Tentative Interim Amendments, and Errata are also
located there.

ALERT: THIS STANDARD HAS BEEN MODIFIED BY A TIA OR ERRATA

NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) may
be superseded at any time by the issuance of a new edition, be amended with the
issuance of Tentative Interim Amendments (TIAs), or be corrected by Errata. This

updating considers the then-current and available information on incidents, materials, technologies,
innovations, and methods that develop over time. Therefore, any previous edition may no longer
represent the current NFPA Standard on the subject matter. NFPA encourages the use of the most
current edition of any NFPA Standard [as it may be amended by TIA(s) or Errata]. An official NFPA
Standard at any point in time consists of the current edition of the document, with any issued TIAs and
Errata. Visit the “Codes & Standards” section at www.nfpa.org for more information.

See ALERT

You are prohibited from printing any part of this document through this viewer. This includes third-party applications, screen grabbers and/or print-screen functions.

Printed / viewed by: [anon.user@ucd.ie] @ 2025-02

Further reproduction, distribution, storage or use on a network is prohibited.

Copyrighted material licensed to Intertek Inform^University College Dublin.



ADDITIONAL IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

Updating of NFPA Standards

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be aware that these
documents may be superseded at any time by the issuance of a new edition, may be amended with the issuance of Tentative
Interim Amendments (TIAs), or be corrected by Errata. It is intended that through regular revisions and amendments,
participants in the NFPA standards development process consider the then-current and available information on incidents,
materials, technologies, innovations, and methods as these develop over time and that NFPA Standards reflect this
consideration. Therefore, any previous edition of this document no longer represents the current NFPA Standard on the
subject matter addressed. NFPA encourages the use of the most current edition of any NFPA Standard [as it may be amended
by TIA(s) or Errata] to take advantage of current experience and understanding. An official NFPA Standard at any point in
time consists of the current edition of the document, including any issued TIAs and Errata then in effect.

To determine whether an NFPA Standard has been amended through the issuance of TIAs or corrected by Errata, visit the
“Codes & Standards” section at www.nfpa.org.

Interpretations of NFPA Standards

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the
Development of NFPA Standards shall not be considered the official position of NFPA or any of its Committees and shall not
be considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in
connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for determining the validity of
any such patent rights, as well as the risk of infringement of such rights, and the NFPA disclaims liability for the infringement
of any patent resulting from the use of or reliance on NFPA Standards.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in
American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Standard may require use of an
invention covered by patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such
patent rights constitute or include essential patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent
Policy, a patent holder has filed a statement of willingness to grant licenses under these rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of such filed statements can be
obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, by the
publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with
applicable laws, and these documents may not be construed as doing so.

Copyrights

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe
practices and methods. By making these documents available for use and adoption by public authorities and private users, the
NFPA does not waive any rights in copyright to these documents.

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term
“adoption by reference” means the citing of title, edition, and publishing information only. Any deletions, additions, and
changes desired by the adopting authority should be noted separately in the adopting instrument. In order to assist NFPA in
following the uses made of its documents, adopting authorities are requested to notify the NFPA (Attention: Secretary,
Standards Council) in writing of such use. For technical assistance and questions concerning adoption of NFPA Standards,
contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Standards and all requests for information on NFPA procedures
governing its codes and standards development process, including information on the procedures for requesting Formal
Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to NFPA standards during regular
revision cycles, should be sent to NFPA headquarters, addressed to the attention of the Secretary, Standards Council, NFPA, 1
Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email: stds_admin@nfpa.org.

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be viewed at
no cost at www.nfpa.org/docinfo.
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Code for the

Manufacture and Storage of Aerosol Products

2023 Edition

This edition of NFPA 30B, Code for the Manufacture and Storage of Aerosol Products, was prepared by
the Technical Committee on Aerosol Products. It was issued by the Standards Council on March 20,
2022, with an effective date of April 9, 2022, and supersedes all previous editions.

This document has been amended by one or more Tentative Interim Amendments (TIAs) and/or
Errata. See “Codes & Standards” at www.nfpa.org for more information.

This edition of NFPA 30B was approved as an American National Standard on April 9, 2022.

Origin and Development of NFPA 30B

Before the development of NFPA 30B, Code for the Manufacture and Storage of Aerosol Products, fire
protection requirements for the storage of flammable aerosols were contained in NFPA 30, Flammable
and Combustible Liquids Code, where they were treated as Class IA flammable liquids. During the late
1970s and early- to mid-1980s, because of both actual fire incidents and full-scale fire testing, it
became apparent that flammable aerosol products presented a severe fire challenge, one not fully
contemplated by NFPA 30. Industry initiatives led to more full-scale fire testing and, eventually, to the
establishment of an NFPA Technical Committee Project specifically directed at providing fire
protection guidance for both manufacturing facilities and storage facilities.

The Technical Committee on Aerosol Products began its work in January 1988. The committee
formed two task groups, one on manufacturing, the other on storage, to draft the technical language
of this document. The results of the efforts of the two task groups culminated with adoption of the
first edition of NFPA 30B at the 1990 NFPA Annual Meeting.

The Technical Committee on Aerosol Products continued to work on improvements to NFPA
30B. The second edition was published in 1994 with several major revisions to clarify the document’s
requirements and to more accurately reflect the fire behavior of aerosol products, particularly with
regard to classification of aerosol products. The committee then continued its work, resulting in the
1998 edition — the third edition of NFPA 30B.

NFPA 30B implemented extensive revisions in the 2002 edition. A major testing effort resulted in
complete revision of the wet-pipe sprinkler system design tables and their associated reference
figures. The committee added 12 new tables to Chapter 6 (deleting the 5 tables from the 1998
edition) and 5 new figures demonstrating sprinkler configuration in accordance with these tables.
The tables addressed palletized and solid pile storage and rack storage of Level 2 and Level 3 aerosol
products, both cartoned and uncartoned. New sections on damage-limiting construction, fume
incinerators, shrink-wrapping of aerosol products, and special protection design were added. NFPA
30B was also reformatted to conform to the Manual of Style for NFPA Technical Committee Documents,
including reorganization and renumbering of chapters, elimination of exceptions, deletion of
unenforceable language, and clarification of mandatory requirements.

The 2007 edition of NFPA 30B clarified the requirements for aisle widths in storage facilities.

In the 2011 edition, the committee revised the definition of aerosol container to reflect new
requirements of the U.S. Department of Transportation that allow the use of plastic aerosol
containers up to a maximum size of 1000 ml (33.8 fl oz). This revised definition prompted changes
in several locations of the code to accommodate aerosol products in plastic containers. In support of
the revised definition of aerosol container, the committee also added new material in Annex B that
provided several sets of fire test data on the results of testing aerosols in plastic containers.

Revisions to the 2015 edition included developing classification and protection guidance for
Aerosol Cooking Spray Products, Plastic Aerosol 1 Products, and Plastic Aerosol X Products. Existing
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fire protection requirements for Level 2 and Level 3 Aerosol Products were revised to include use of intermediate temperature
sprinklers in unconditioned spaces, terminology was changed to correlate with NFPA 13, Standard for the Installation of Sprinkler
Systems, and larger orifice sprinklers were allowed for some sprinkler system designs. Aerosol product laboratories that handle
flammable gases or flammable liquids were designated as Class A laboratory units in accordance with NFPA 45, Standard on Fire
Protection for Laboratories Using Chemicals. The provisions for hazardous (classified) location area classification were amended by
combining requirements for button tippers and test baths into a single set of requirements and by adding requirements
applicable to button tippers.

The 2019 edition added definitions for palletized storage, solid-piled storage, and aerosol valve. The definition of aerosol product
was modified to include propellant-only products. Newly developed fire protection criteria were added for Plastic Aerosol 3
Products by TIA 1369, and fire protection requirements were clarified for ceiling-only protection and in-rack sprinklers in solid
shelves.

For the 2023 edition, fire protection requirements have been added for two new categories, Plastic Aerosol 2 Products and
Plastic Aerosol Cooking Spray Products, as well as new requirements for the disposal of aerosol containers at manufacturing
and storage sites. A new chapter has been introduced to classify aerosol products, and the code scope has been revised to
include gas-only aerosol products. The definition of compartmented container has been included, and the definitions of aerosol
propellant and flammable propellant have been revised. Requirements for allowable quantities of aerosol products in production
areas have been clarified. To maintain consistency across codes, “flammable and combustible liquids” are now referred to as
“ignitible (flammable and combustible) liquids,” based on the 2021 edition of NFPA 30.
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NOTE: Membership on a committee shall not in and of itself constitute an endorsement of
the Association or any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on
safeguarding against the fire and explosion hazards associated with the manufacturing,
handling, and storage of aerosol products and low pressure dispensing containers.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at www.nfpa.org/disclaimers or obtained on request from NFPA.

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on scheduled revision cycles. This
edition may be superseded by a later one, or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta‐
tive Interim Amendments (TIAs). An official NFPA Standard at any
point in time consists of the current edition of the document, together
with all TIAs and Errata in effect. To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata, please consult the National Fire Codes® Subscription Service
or the “List of NFPA Codes & Standards” at www.nfpa.org/docinfo.
In addition to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material on
the paragraph can be found in Annex A.

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. Extracted text may be edited for consistency and
style and may include the revision of internal paragraph refer‐
ences and other references as appropriate. Requests for inter‐
pretations or revisions of extracted text shall be sent to the
technical committee responsible for the source document.

Information on referenced and extracted publications can
be found in Chapter 2 and Annex J.

Chapter 1   Administration

1.1 Scope.

1.1.1   This code shall apply to the manufacture, storage, and
display of aerosol products as herein defined.

Δ 1.1.2*   This code shall apply to the storage and display of prod‐
ucts whose contents are comprised entirely of compressed or
liquefied gas, provided that the containers meet the require‐
ments of 3.3.1 through 3.3.4.

1.1.3   This code shall not apply to post-consumer processing of
aerosol containers.

1.1.4*   This code shall not apply to containers that do not
meet the definition of Aerosol Container (see 3.3.1).

1.1.4.1   Containers that contain a product that meets the defi‐
nitions in 3.3.2 and 3.3.3, but are larger than the limits speci‐
fied in 3.3.1, shall not be classified as aerosol products, and this
code shall not apply to the manufacture, storage, and display of
such products.

1.2* Purpose.   The purpose of this code is to provide mini‐
mum requirements for the prevention and control of fires and
explosions in facilities that manufacture, store, or display aero‐
sol products.

1.3 Application.

1.3.1   Chapters 5, 6, and 9 shall apply to facilities or portions
of facilities that manufacture aerosol products, including gas-
filling, product-filling, and packaging operations.

1.3.2   Chapters 5, 7, and 9 shall apply to facilities or portions
of facilities that store aerosol products, such as storage areas,
storage rooms, and warehouses.

1.3.3   Chapters 5, 8, and 9 shall apply to the storage and
display of aerosol products in mercantile occupancies.

1.4* Retroactivity.

1.4.1   The provisions of this code are considered necessary to
provide a reasonable level of protection from loss of life and
property from fire and explosion. They reflect situations and
the state of the art at the time the code was issued.

1.4.2   Unless otherwise noted, it is not intended that the provi‐
sions of this code be applied to facilities, equipment, structures,
or installations that were existing or approved for construction
or installation prior to the effective date of the code, except in
those cases where it is determined by the authority having juris‐
diction that the existing situation involves a distinct hazard to
life or adjacent property.

1.5 Equivalency.   Nothing in this code is intended to prevent
the use of systems, methods, or devices of equivalent or supe‐
rior quality, strength, fire resistance, effectiveness, durability,
and safety over those prescribed by this code, provided techni‐
cal documentation is submitted to the authority having jurisdic‐
tion to demonstrate equivalency, and the system, method, or
device is approved for the intended purpose.

1.6 Enforcement.   This code shall be administered and
enforced by the authority having jurisdiction designated by the
governing authority. (See Annex I for sample wording for enabling
legislation.)

Chapter 2   Referenced Publications

2.1 General.   The documents or portions thereof listed in this
chapter are referenced within this code and shall be consid‐
ered part of the requirements of this document.

Δ 2.2 NFPA Publications.   National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 1, Fire Code, 2021 edition.
NFPA 10, Standard for Portable Fire Extinguishers, 2022 edition.
NFPA 11, Standard for Low-, Medium-, and High-Expansion

Foam, 2021 edition.
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems,

2022 edition.
NFPA 12A, Standard on Halon 1301 Fire Extinguishing Systems,

2022 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2022

edition.
NFPA 14, Standard for the Installation of Standpipe and Hose

Systems, 2019 edition.
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NFPA 17, Standard for Dry Chemical Extinguishing Systems, 2021
edition.

NFPA 20, Standard for the Installation of Stationary Pumps for
Fire Protection, 2022 edition.

NFPA 22, Standard for Water Tanks for Private Fire Protection,
2018 edition.

NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances, 2022 edition.

NFPA 30, Flammable and Combustible Liquids Code, 2021
edition.

NFPA 31, Standard for the Installation of Oil-Burning Equipment,
2020 edition.

NFPA 45, Standard on Fire Protection for Laboratories Using Chem‐
icals, 2019 edition.

NFPA 54, National Fuel Gas Code, 2021 edition.
NFPA 58, Liquefied Petroleum Gas Code, 2020 edition.
NFPA 68, Standard on Explosion Protection by Deflagration Vent‐

ing, 2018 edition.
NFPA 69, Standard on Explosion Prevention Systems, 2019

edition.
NFPA 70®, National Electrical Code®, 2023 edition.
NFPA 72®, National Fire Alarm and Signaling Code®, 2022

edition.
NFPA 80, Standard for Fire Doors and Other Opening Protectives,

2022 edition.
NFPA 85, Boiler and Combustion Systems Hazards Code, 2019

edition.
NFPA 86, Standard for Ovens and Furnaces, 2023 edition.
NFPA 90A, Standard for the Installation of Air-Conditioning and

Ventilating Systems, 2021 edition.
NFPA 101®, Life Safety Code®, 2021 edition.
NFPA 505, Fire Safety Standard for Powered Industrial Trucks

Including Type Designations, Areas of Use, Conversions, Maintenance,
and Operations, 2018 edition.

NFPA 2001, Standard on Clean Agent Fire Extinguishing Systems,
2022 edition.

2.3 Other Publications.

2.3.1 ASME Publications.   American Society of Mechanical
Engineers, Two Park Avenue, New York, NY 10016-5990.

ANSI/ASME B56.1, Safety Standard for Low-Lift and High-Lift
Trucks, 2018.

2.3.2 ASTM Publications.   ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM A47/A47M, Standard Specification for Ferritic Malleable
Iron Castings, 1999, reapproved 2018.

ASTM A48/A48M, Standard Specification for Gray Iron Castings,
2003, reapproved 2016.

ASTM A395/A395M, Standard Specification for Ferritic Ductile
Iron Pressure-Retaining Castings for Use at Elevated Temperatures,
1999, reapproved 2018.

ASTM A536, Standard Specification for Ductile Iron Castings,
1984, reapproved 2019.

ASTM D92, Standard Test Method for Flash and Fire Points by
Cleveland Open Cup Tester, 2018.

ASTM D323, Standard Test Method for Vapor Pressure of Petro‐
leum Products (Reid Method), 2020.

2.3.3 UN Publications.   United Nations, 760 United Nations
Plaza, New York, NY 10017.

UN Recommendations on the Transport of Dangerous Goods, 2015.

2.3.4 US Government Publications.   US Government Publish‐
ing Office, 732 North Capitol Street, NW, Washington, DC
20401-0001.

Title 49, Code of Federal Regulations, Part 173, Appendix H,
“Method of Testing for Sustained Combustibility.”

2.3.5 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.

NFPA 1, Fire Code, 2021 edition.
NFPA 13, Standard for the Installation of Sprinkler Systems, 2022

edition.
NFPA 30, Flammable and Combustible Liquids Code, 2021

edition.
NFPA 68, Standard on Explosion Protection by Deflagration Vent‐

ing, 2018 edition.
NFPA 72®, National Fire Alarm and Signaling Code, 2022

edition.
NFPA 77, Recommended Practice on Static Electricity, 2019

edition.
NFPA 5000®, Building Construction and Safety Code®, 2021

edition.

Chapter 3   Definitions

3.1 General.   The definitions contained in this chapter shall
apply to the terms used in this code. Where terms are not
defined in this chapter or within another chapter, they shall be
defined using their ordinarily accepted meanings within the
context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved.   Acceptable to the authority having jurisdic‐
tion.

3.2.2* Authority Having Jurisdiction (AHJ).   An organization,
office, or individual responsible for enforcing the requirements
of a code or standard, or for approving equipment, materials,
an installation, or a procedure.

3.2.3* Code.   A standard that is an extensive compilation of
provisions covering broad subject matter or that is suitable for
adoption into law independently of other codes and standards.

3.2.4* Listed.   Equipment, materials, or services included in a
list published by an organization that is acceptable to the
authority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalua‐
tion of services, and whose listing states that either the equip‐
ment, material, or service meets appropriate designated
standards or has been tested and found suitable for a specified
purpose.
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3.2.5 Shall.   Indicates a mandatory requirement.

3.2.6 Should.   Indicates a recommendation or that which is
advised but not required.

3.3 General Definitions.

3.3.1* Aerosol Container.   A metal can or plastic container, up
to a maximum size of 1000 ml (33.8 fl oz), or a glass bottle, up
to a maximum size of 118 ml (4 fl oz), that is designed and
intended to dispense an aerosol.

3.3.2* Aerosol Products.   A nonrefillable combination of an
aerosol container, aerosol propellant, and aerosol valve, with or
without a base product, that is dispensed through the aerosol
valve.

3.3.3 Aerosol Propellant.   A liquefied or compressed gas that
is used in whole or in part, such as a cosolvent, to expel a liquid
or any other material from the same self-pressurized container
or from a compartmented container.

3.3.4* Aerosol Valve.   A self-closing device attached to an aero‐
sol container to allow dispensing of the contents of an aerosol
product.

Δ 3.3.5* Aisle Width.   The horizontal dimension between the
face of the loads under consideration.

3.3.6 Back Stock Area.   The area of a mercantile occupancy
that is physically separated from the sales area and not inten‐
ded to be accessible to the public.

3.3.7* Base Product (Concentrate).   The contents of an aero‐
sol container, excluding the propellant.

3.3.8 Basement.   For the purposes of this code, a story of a
building or structure having one-half or more of its height
below ground level and to which access for fire-fighting purpo‐
ses is restricted. [30, 2021]

3.3.9 Bonding.   For the purpose of controlling static electric
hazards, the process of connecting two or more conductive
objects together by means of a conductor so that they are at the
same electrical potential, but not necessarily at the same poten‐
tial as the earth. [77, 2019]

3.3.10 Carton.   A cardboard or fiberboard box that encloses a
product.

3.3.11* Cold Filling.   The pressurizing of an aerosol container
by cooling the propellant (and sometimes the product) below
its boiling point and transferring it into the aerosol container
before the valve is put in place. The operation is usually carried
out at atmospheric pressure (that is, high pressure is not
needed).

3.3.12 Combustion Efficiency.   The ratio of chemical heat of
combustion to theoretical heat of combustion.

N 3.3.13* Compartmented Container.   An aerosol container
system in which the propellant is separated from the product
being expelled.

3.3.14 Damage-Limiting Construction.   For the purposes of
this code, any set of construction elements, used individually or
in combination, which will act to limit damage from an explo‐
sion, including open structures, pressure relieving construc‐
tion, or pressure resistant construction. [30, 2021]

3.3.15* Encapsulation.   A method of packaging that either
consists of a plastic sheet completely enclosing the sides and
top of a pallet load containing a combustible commodity, a
combustible package, or a group of combustible commodities
or combustible packages, or consists of combustible commodi‐
ties individually wrapped in plastic sheeting and stored exposed
in a pallet load. [13, 2022]

3.3.16* Face Sprinklers.   Standard sprinklers that are located
in transverse flue spaces along the aisle or in the rack, are
within 450 mm (18 in.) of the aisle face of storage, and are
used to oppose vertical development of fire on the external
face of storage. [13, 2022]

3.3.17 Fire Area.   An area of a building separated from the
remainder of the building by construction having a fire resist‐
ance of at least 1 hour and having all communicating openings
properly protected by an assembly having a fire resistance
rating of at least 1 hour. [30, 2021]

3.3.18* Flammable Propellant.   A propellant that forms a
flammable mixture with air or where a flame is self-propagating
in a mixture of the propellant and air.

3.3.19 Grounding.   The process of connecting a conductive
object to the ground, so that the object is at zero (0) electrical
potential; also referred to as earthing. [77, 2019]

3.3.20 Heat of Combustion.

3.3.20.1 Chemical Heat of Combustion (Hc).   The amount of
heat released, in kJ/g (Btu/lb), when a substance is
oxidized to yield stable end products, including water as a
vapor, as measured under actual fire conditions in a normal
ambient (air) atmosphere.

3.3.20.2 Theoretical Heat of Combustion.   The amount of
heat released, in kJ/g (Btu/lb), when a substance is
completely oxidized to yield stable end products, including
water as a vapor, as measured using an oxygen bomb calo‐
rimeter. Alternatively, the theoretical heat of combustion
can be calculated from heat of formation data, heat of
combustion data, or molecular calculation data as reported
in the literature and assuming all products are in the vapor
state.

3.3.21 Horizontal Barrier.   A solid barrier in the horizontal
position covering the rack at certain height increments to
prevent vertical fire spread. [13, 2022]

3.3.22 Inside Liquid Storage Area.   A room or building used
for the storage of liquids in containers or portable tanks, sepa‐
rated from other types of occupancies. [30, 2021]

Δ 3.3.23 [Liquid Storage] Control Area.   For this code, a build‐
ing or portion of a building within which liquids are allowed to
be stored, dispensed, and used or handled in quantities that do
not exceed the maximum allowable quantity (MAQ). [30,
2021]

3.3.24 Liquid Storage Room.   A room that is used for the stor‐
age of liquids in containers, portable tanks, or intermediate
bulk containers, has a floor area that does not exceed 46 m2

(500 ft2), and might be totally enclosed within a building —
that is, the room might have no exterior walls. [30, 2021]

3.3.25 Liquids.

Δ 3.3.25.1 Combustible Liquid.   An ignitible liquid that is clas‐
sified as a Class II or Class III liquid. [30, 2021]
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Δ 3.3.25.2 Flammable Liquid.   An ignitible liquid that is classi‐
fied as a Class I liquid. [30, 2021]

N 3.3.25.3 Ignitible Liquid.   Any liquid or liquid mixture that
has a measurable closed-cup flash point. [30, 2021]

3.3.25.4 Unstable Liquid.   A liquid that, in the pure state or
as commercially produced or transported, will vigorously
polymerize, decompose, undergo condensation reaction, or
become self-reactive under conditions of shock, pressure, or
temperature. [30, 2021]

3.3.26* Longitudinal Flue Space.   The space between rows of
storage perpendicular to the direction of loading with a width
not exceeding 600 mm (24 in.) between storage. [13, 2022]

3.3.27 Mercantile Occupancy.   An occupancy used for the
display and sale of merchandise. [5000, 2021]

3.3.28* Net Weight.   Total weight of base product and propel‐
lant as indicated on aerosol container label.

3.3.29 Noncommunicating Wall.   The shared portion of a wall
between two building areas having no openings.

3.3.30 Packaging Types.

3.3.30.1 Packaging Type — Cartoned.   Aerosol products
packaged in at least a single layer of corrugated cardboard.
The cardboard must cover at least the top, bottom, and two
complete sides of the unit. The two other sides must be at
least 60 percent covered.

3.3.30.2 Packaging Type — Display Cut.   Aerosol products
packaged in at least a single layer of corrugated cardboard
where the top and parts of the face and sides of the carton
have been removed for retail sales.

3.3.30.3 Packaging Type — Uncartoned.   Aerosol products
arranged on slip sheets or trays shrink-wrapped together in
packs on a pallet or packaging that does not meet the defi‐
nition of cartoned.

3.3.31 Palletized Storage.   Storage of commodities on pallets
or other storage aids that form horizontal spaces between tiers
of storage. [13, 2022]

3.3.32 Protection for Exposures.   Fire protection for struc‐
tures on property adjacent to an aerosol product manufactur‐
ing or storage facility. Fire protection for such structures shall
be acceptable where located either within the jurisdiction of
any public fire department or adjacent to plants having private
fire brigades capable of providing cooling water streams on the
adjacent property.

3.3.33* Rack.   Any combination of vertical, horizontal, and
diagonal members that supports stored materials. [1, 2021]

3.3.33.1 Double-Row Racks.   Racks less than or equal to
2.7 m (9 ft) in depth or single-row racks placed back-to-back
having an aggregate depth up to 2.7 m (9 ft), with aisles
having an aisle width of at least 1.1 m (3.5 ft) between loads
on racks.

3.3.33.2 Multiple-Row Racks.   Racks greater than 2.7 m
(9 ft) in depth or single- or double-row racks separated by
aisles less than 1.1 m (3.5 ft) wide having an overall width
greater than 2.7 m (9 ft).

3.3.33.3 Open Rack.   Racks without shelving or with shelv‐
ing in racks that are fixed in place with shelves having a

solid surface and a shelf area equal to or less than 1.9 m2

(20 ft2) or with shelves having a wire mesh, slatted surface,
or other material with openings representing at least
50 percent of the shelf area including the horizontal area of
rack members and where the flue spaces are maintained.
[13, 2022]

3.3.33.4 Rack Shelf Area.   The area of the horizontal surface
of a shelf in a rack defined by perimeter aisle(s) or nominal
152 mm (6 in.) flue spaces on all four sides, or by the place‐
ment of loads that block openings that would otherwise
serve as the required flue spaces. [13, 2022]

3.3.33.5* Single-Row Racks.   Racks that have no longitudinal
flue space and that have a depth up to 1.5 m (5 ft) with
aisles having a width of at least 1.1 m (3.5 ft) between loads
on racks.

3.3.33.6 Slatted Shelf Rack.   A rack where shelves are fixed
in place with a series of narrow individual solid supports
used as the shelf material and spaced apart with regular
openings. [13, 2022]

3.3.33.7 Solid Shelf Rack.   A rack that is not defined as an
open rack where shelves are fixed in place with a solid, slat‐
ted, or wire mesh barrier used as the shelf material and
having limited openings in the shelf area. [13, 2022]

3.3.34 Sales Display Area.   The area of a mercantile occu‐
pancy that is open to the public for the purpose of viewing and
purchasing goods, wares, and merchandise. Individuals are free
to circulate among the items, which are typically displayed on
shelves, on racks, or on the floor.

3.3.35 Separate Inside Storage Area.   A room or building used
for the storage of aerosol products and separated from other
occupancies.

3.3.35.1 Separate Inside Storage Area — Attached Building.   A
building that has only one common wall with a building that
has other occupancies.

3.3.35.2 Separate Inside Storage Area — Cut-Off Room.   A
room within a building that has at least one exterior wall.

3.3.35.3 Separate Inside Storage Area — Fenced Enclosure.   A
segregated area meeting the requirements of 7.4.5.3.2.

3.3.35.4 Separate Inside Storage Area — Inside Room.   A room
totally enclosed within a building and having no exterior
walls.

3.3.36 Solid-Piled Storage.   Storage of commodities stacked
on each other. [13, 2022]

3.3.37* Solid Shelving.   Shelving that is fixed in place, slatted,
wire mesh, or other type of shelves located within racks. The
area of a solid shelf is defined by perimeter aisle or flue space
on all four sides or by the placement of loads that block open‐
ings that would otherwise serve as the required flue spaces.
Solid shelves having an area equal to or less than 1.9 m2 (20 ft2)
are defined as open racks. Shelves of wire mesh, slats, or other
materials more than 50 percent open and where the flue
spaces are maintained are defined as open racks. [13, 2022]

3.3.38* Transverse Flue Space.   The space between rows of
storage parallel to the direction of loading. [13, 2022]
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3.3.39 Warehouse.

3.3.39.1 Aerosol Product Warehouse.   A detached building or
a separate portion of a building used for the storage, ship‐
ping, and receiving of aerosol products.

3.3.39.2 General-Purpose Warehouse.   A detached building or
a separate portion of a building used only for the storage,
shipping, and receiving of mixed commodities.

3.3.39.3 Liquid Warehouse.   A separate, detached building
or an attached building that is used for warehousing-type
operations for liquids and whose exterior wall comprises at
least 25 percent of the building perimeter. [30, 2021]

3.4 Definitions Specific to Chapter 5.

3.4.1 Base Product Filler (Concentrate Filler).   A machine
used to fill the aerosol container with the base product prior to
addition of the propellant.

3.4.2* Button Tipper (Actuator Placer).   The machine that
places the valve actuator (spray tip) onto the aerosol valve after
the aerosol container has had the base product, a crimped
valve, and propellant added.

3.4.3 Fume Incinerator.   Any separate or independent
combustion equipment or device that entrains the process
exhaust for the purpose of direct thermal or catalytic destruc‐
tion, which can include heat recovery.

3.4.4 Local Ventilation.   A ventilation system whose exhaust
inlet is located close to the point of vapor release so as to
remove the vapor from the point of release.

3.4.5 Maximum Allowable Operating Pressure (MAOP).   The
maximum pressure to which a system can be subjected without
exceeding the pressure rating of any of its component parts.

3.4.6 Propellant Charging Pump (Charging Pump).   A pump
used to boost the liquid propellant to the pressure required by
the propellant filler, usually 2070 kPa to 8280 kPa (300 psi to
1200 psi).

3.4.7* Propellant Charging Room (Gas House, Gassing
Room).   Any room or enclosure in which the propellant is
added to the aerosol containers. The definition includes
prefabricated gas houses and enclosures.

3.4.8* Propellant Filler (Gasser, Propellant Charger).   A
machine that adds the propellant to the aerosol container.

3.4.9 Propellant Heater.   A system that heats the propellant
before the propellant enters the propellant filler to enhance
filler operation.

3.4.10 Pump Room.   A room or enclosure outside the propel‐
lant charging rooms in which flammable propellant charging
pumps and, in some cases, vacuum pumps are located.

3.4.11 Radiant Energy–Sensing Fire Detector.   A device that
detects radiant energy, such as ultraviolet, visible, or infrared,
that is emitted as a product of combustion reaction and obeys
the laws of optics. [72, 2022]

3.4.12 Reject Container Receptacle.   A receptacle used to
store scrap, partially filled, or fully filled aerosol product
containers prior to disposal.

3.4.13* Tank Farm Transfer Pump.   A pump used to transfer
liquid propellant from storage tanks to the suction side of the
propellant charging pump.

3.4.14* Test Bath (Hot Tank, Water Bath).   A water tank in
which pressurized aerosol products are tested to verify the
container strength and to detect leaks by immersion in water.

3.4.15 Under-the-Cup (UTC) Propellant Filler.   A machine
that evacuates the aerosol container, fills propellant under the
loose valve cup, and crimps the valve cup in place in sequence
on one machine.

3.4.16 Vacuum Pump.   A pump used to evacuate the head
space (above the base product) of an aerosol container prior to
addition of the propellant.

3.4.17 Valve Crimper (Crimper).   A machine that seals the
valve cup or valve ferrule to the aerosol container.

N Chapter 4   Classification Scheme for Aerosol Products

N 4.1 Scope.   This chapter shall establish a uniform system of
classifying aerosol products for the proper application of this
code.

N 4.2* Aerosol Products in Metal Containers of Not More Than
1000 ml (33.8 fl oz) and in Plastic or Glass Containers of Not
More Than 118 ml (4 fl oz).

N 4.2.1   Aerosol products shall be classified by means of the
calculation of their chemical or theoretical heats of combus‐
tion and shall be designated Level 1, Level 2, or Level 3 in
accordance with 4.2.2 through 4.2.5.1.2 and Table 4.2.1.

N 4.2.1.1   In lieu of classification by means of the chemical heats
of combustion, aerosol products shall be permitted to be classi‐
fied by means of data obtained from properly conducted full-
scale fire tests that utilize a 12-pallet test array.

N 4.2.1.2   The fire tests shall be conducted at an approved test‐
ing laboratory. (See Annex C for information on the 12-pallet test
array.)

N 4.2.1.3   The requirement in 4.2.1.1 shall not apply to Aerosol
Cooking Spray Products. (See 4.2.5.)

N 4.2.2 Level 1 Aerosol Products.   Level 1 Aerosol Products shall
be defined as those products with a total chemical heat of
combustion that is less than or equal to 20 kJ/g (8600 Btu/lb).

N 4.2.3 Level 2 Aerosol Products.   Level 2 Aerosol Products shall
be defined as those products with a total chemical heat of
combustion that is greater than 20 kJ/g (8600 Btu/lb), but less
than or equal to 30 kJ/g (13,000 Btu/lb).

N Table 4.2.1 Aerosol Classification

If the chemical heat of combustion is Aerosol Classification
Level> ≤

0 20 kJ/g 
(8,600 Btu/lb)

1

20 kJ/g 
(8,600 Btu/lb)

30 kJ/g 
(13,000 Btu/lb)

2

30 kJ/g 
(13,000 Btu/lb)

— 3
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N 4.2.4 Level 3 Aerosol Products.   Level 3 Aerosol Products shall
be defined as those products with a total chemical heat of
combustion that is greater than 30 kJ/g (13,000 Btu/lb).

N 4.2.5 Aerosol Cooking Spray Products.   Aerosol Cooking
Spray Products shall be defined as those aerosol products
designed to deliver a vegetable oil or a solid or nonflammable
liquid to reduce sticking on cooking and baking surfaces, or to
be applied to food, or both. 

N 4.2.5.1   These products shall have a chemical heat of combus‐
tion that is greater than 20 kJ/g (8600 Btu/lb) and shall
contain not more than 18 percent by weight of flammable
propellant.

N 4.2.5.1.1   If the Aerosol Cooking Spray Product has a chemical
heat of combustion that does not exceed 20 kJ/g (8600 Btu/
lb), it shall be considered a Level 1 Aerosol Product.

N 4.2.5.1.2   If the Aerosol Cooking Spray Product contains more
than 18 percent by weight of flammable propellant, it shall be
classified in accordance with its chemical heat of combustion,
as set forth in Table 4.2.1.

N 4.3 Aerosol Products in Plastic Containers Larger Than 118 ml
(4 fl oz) and Smaller Than 1000 ml (33.8 fl oz).

N 4.3.1 Plastic Aerosol 1 Products.   Plastic Aerosol 1 products
shall be defined as those that meet one of the following crite‐
ria:

(1) The base product has no fire point when tested in accord‐
ance with ASTM D92, Standard Test Method for Flash and
Fire Points by Cleveland Open Cup Tester, and the propellant
is nonflammable.

(2) The base product does not exhibit sustained combustion
when tested in accordance with 49 CFR 173, Appendix H,
“Method of Testing for Sustained Combustibility," or the
UN Recommendations on the Transport of Dangerous Goods,
and the propellant is nonflammable. For the purposes of
this definition, testing of a base product that is a mixture
of multiple liquids is to be conducted at 20°C (36°F)
above the flash point of the highest flash point compo‐
nent.

(3)* The base product contains not more than 20 percent by
volume (15.8 percent by weight) of ethanol or propanol,
or mixtures thereof in an aqueous mix, and the propel‐
lant is nonflammable.

(4)* The base product contains not more than 4 percent by
weight of an emulsified liquefied flammable gas propel‐
lant within an aqueous base, and the propellant remains
emulsified for the life of the product.

N 4.3.1.1   Where the propellant in 4.3.1(4) is not permanently
emulsified, the propellant shall be nonflammable.

N 4.3.2 Plastic Aerosol 2 Products.   Plastic Aerosol 2 Products
shall be defined as those products that meet one of the follow‐
ing criteria:

(1) The base product contains greater than 20 percent by
volume (15.8 percent by weight) up to 50 percent by
volume (39.5 percent by weight) of ethanol, propanol,
other water miscible alcohols, or mixtures thereof in an
aqueous mix, and the propellant is nonflammable
compressed gas.

(2) The base product contains greater than 20 percent by
volume (15.8 percent by weight) up to 50 percent by
volume (39.5 percent by weight) of ethanol, propanol,

other water miscible alcohols, or mixtures thereof in an
aqueous mix; is packaged in a compartmented container
that separates the product from the propellant as typified
by a bag-on-valve (BOV) package, bag-in-container pack‐
age, or piston-in-container package; and the propellant is
nonflammable compressed gas, nonflammable liquefied
gas, or mixtures thereof.

N 4.3.3* Plastic Aerosol 3 Products.   Plastic Aerosol 3 Products
shall be defined as those that meet one of the following crite‐
ria:

(1) The base product has no fire point when tested in accord‐
ance with ASTM D92, Standard Test Method for Flash and
Fire Points by Cleveland Open Cup Tester, and there is not
more than 10 percent by weight flammable propellant.

(2) The base product does not exhibit sustained combustion
when tested in accordance with 49 CFR 173, Appendix H,
“Method of Testing for Sustained Combustibility,” or the
UN Recommendations on the Transport of Dangerous Goods,
and there is not more than 10 percent weight flammable
propellant. For the purposes of this definition, testing of
a base product that is a mixture of multiple liquids is to
be conducted at 20°C (36°F) above the flash point of the
highest flash point component.

(3) The base product contains not more than 50 percent by
volume of flammable or combustible, water-miscible alco‐
hols in an aqueous mix, and there is not more than
10 percent by weight flammable propellant.

(4) The base product contains greater than 50 percent by
volume (39.5 percent by weight) up to 100 percent of
ethanol, propanol, other water miscible alcohols, or
mixtures thereof in an aqueous mix; is packaged in a
compartmented container that separates the product
from the propellant as typified by a bag-on-valve (BOV)
package, bag-in-container package, or piston-in-container
package; and the propellant is nonflammable compressed
gas, nonflammable liquefied gas, or mixtures thereof.

(5) The base product contains not greater than 10 percent by
weight of an emulsified, liquefied flammable gas propel‐
lant within an aqueous base.

N 4.3.4 Plastic Aerosol X Products.   Plastic Aerosol X Products
shall be defined as those products that do not meet any of the
criteria provided in 4.3.1, 4.3.2, or 4.3.3.

N 4.3.5 Plastic Aerosol Cooking Spray Products.   Plastic Aerosol
Cooking Spray Products shall be defined as those that meet
one of the following criteria:

(1) The base product is Aerosol Cooking Spray containing
not greater than 10 percent alcohol by volume and with a
closed cup flash point of greater than 212°C (414°F)
before addition of the alcohol, and the propellant is
nonflammable compressed gas.

(2) The base product is Aerosol Cooking Spray containing
not greater than 10 percent alcohol by volume and with a
closed cup flash point of greater than 212°C (414°F)
before addition of the alcohol; is packaged in a compart‐
mented container that separates the product from the
propellant as typified by a bag-on-valve (BOV) package,
bag-in-container package, or piston-in-container package;
and the propellant is nonflammable compressed gas,
nonflammable liquefied gas, or mixtures thereof.
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N 4.4 Marking of Packages of Aerosol Products.

N 4.4.1   Manufacturers of aerosol products shall ensure that all
cartons or packages of aerosol products are identified on at
least one exterior side with the classification of the aerosol
products contained therein, in accordance with Sections 4.2
and 4.3.

N 4.4.2   Cartons or packages containing aerosol products in
metal containers or glass and plastic containers 118 ml (4 fl oz)
or less shall be clearly marked as follows:

Level _____ Aerosols

N 4.4.3   Cartons or packages containing Aerosol Cooking Spray
Products in metal containers shall be clearly marked as follows:

Aerosol Cooking Spray

N 4.4.4   Cartons or packages containing aerosol products in plas‐
tic containers greater than 118 ml (4 fl oz) shall be clearly
marked on the exterior of the carton as follows:

Plastic Aerosol 1, 2, 3 (or X)

N 4.4.5   Cartons or packages containing Plastic Aerosol Cooking
Spray Products shall be clearly marked as follows:

Plastic Aerosol Cooking Spray

Chapter 5   Basic Requirements

5.1 Site Requirements.   Distances between buildings used for
the manufacture or storage of aerosol products and adjacent
buildings or property lines that are or can be built upon shall
be based on sound engineering principles.

5.2 Building Construction.

5.2.1   Openings in fire walls or fire barriers shall be kept to a
minimum.

5.2.1.1   All openings (i.e., personnel doorways, ductwork,
conveyor line, etc.) shall be protected with automatic-closing or
self-closing fire doors or dampers.

5.2.1.2   Fire doors shall be installed in accordance with
NFPA 80.

5.2.1.3   Fire dampers shall be installed in accordance with
manufacturer’s instructions and NFPA 90A.

5.2.2 Means of Egress.

5.2.2.1   Means of egress shall comply with applicable provi‐
sions of NFPA 101.

5.2.2.2   The design and construction of conveyor lines and
other physical obstacles, such as in the flammable propellant
charging and pump rooms, shall not allow entrapment of
personnel and shall provide for direct access to exits.

5.3 Electrical Installations.

5.3.1   All electrical equipment and wiring, including heating
equipment, shall be installed in accordance with NFPA 70.

5.3.1.1   Electrical equipment and wiring in areas where flam‐
mable liquids or flammable gases are handled shall meet the
additional requirements of Articles 500 and 501 of NFPA 70.

5.3.2   Aerosol product storage and display areas shall be
considered unclassified for purposes of electrical installation.

Δ 5.4 Heating Equipment.   Heating equipment shall be installed
in accordance with the applicable requirements of NFPA 31,
NFPA 54, NFPA 58, and NFPA 85.

Δ 5.5 Flammable Liquids and Gases.   Areas in which flammable
liquids and flammable gases are handled or stored shall meet
the applicable requirements of NFPA 30 and NFPA 58.

5.6 Fire Protection.

5.6.1 Automatic Sprinkler Protection.   Installations of auto‐
matic sprinklers, where required by this code, shall be installed
in accordance with NFPA 13 and the provisions of this code.

5.6.1.1   Where the provisions of this code and NFPA 13 differ,
the provisions of this code shall prevail.

5.6.1.2   Where this code does not address specific automatic
sprinkler protection criteria, the provisions of NFPA 13 shall
prevail.

5.6.2 Standpipe and Hose System.   Installations of standpipe
and hose systems, where required by this code, shall be
designed and installed in accordance with NFPA 14 and with
the provisions of this code. Only combination or spray hose
nozzles shall be used.

5.6.3 Portable Fire Extinguishers.   Fire extinguishers shall be
provided in accordance with NFPA 10.

5.6.4 Water Supplies.

5.6.4.1   In addition to the water supply requirements for auto‐
matic sprinkler systems, a minimum requirement for hose
stream supply for combined inside and outside hose streams
shall be provided in accordance with one of the following:

(1) 1900 L/min (500 gpm) for buildings protected with spray
and/or control mode–specific application (CMSA) sprin‐
kler protection

(2) 950 L/min (250 gpm) for buildings protected with ESFR
sprinkler protection

(3) 3800 L/min (1000 gpm) for buildings without automatic
sprinkler protection

5.6.4.1.1   The water supply shall be sufficient to provide the
required hose stream demand for a minimum duration of
2 hours, unless otherwise specified in 7.4.2.

5.6.4.1.2   The water supply system shall be designed and in‐
stalled in accordance with NFPA 24.

5.6.4.1.3   The water supply requirements shall be permitted as
modified by the provisions of this code.

5.6.4.2   Installations of fire pumps and tanks that are needed
to supply the required fire protection water shall be installed in
accordance with NFPA 20 and NFPA 22.

5.7 Fire Alarms.   Fire alarm systems shall be installed, tested,
and maintained in accordance with applicable requirements of
NFPA 72.

5.8 Sources of Ignition.

5.8.1   In areas where flammable gases or flammable vapors
might be present, precautions shall be taken to prevent igni‐
tion by eliminating or controlling sources of ignition.
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5.8.2   Sources of ignition shall include, but are not limited to,
the following:

(1) Open flames
(2) Lightning
(3) Hot surfaces
(4) Radiant heat
(5) Smoking
(6) Cutting and welding
(7) Spontaneous ignition
(8) Frictional heat or sparks
(9) Static electricity

(10) Electrical arcs and sparks
(11) Stray currents
(12) Ovens, furnaces, and other heating equipment
(13) Automotive vehicles
(14) Material-handling equipment

Chapter 6   Manufacturing Facilities

6.1* Scope.   This chapter shall apply to the manufacture of
aerosol products containing flammable or combustible base
product or a flammable propellant.

6.2 Basic Requirements.

6.2.1   Manufacturing buildings shall be located at least 8 m
(25 ft) from the nearest property line that is or can be built
upon.

6.2.2   Flammable propellant storage tanks shall be located in
accordance with the provisions of NFPA 58.

6.2.3   Ignitible (flammable and combustible) liquids shall be
stored in accordance with the provisions of NFPA 30.

6.2.4 Separation of Flammable Propellant Charging and Pump
Rooms.

6.2.4.1   Flammable propellant charging and pump rooms shall
be separated from adjacent buildings or structures by noncom‐
municating walls or by a distance of at least 1.5 m (5 ft), and
from inside areas by noncommunicating walls.

6.2.4.1.1   Noncommunicating walls shall have a minimum fire
resistance rating of 1 hour.

6.2.4.1.2   Noncommunicating walls shall meet the require‐
ments of 6.3.4.

6.2.4.2   Flammable propellant charging and pump rooms shall
be separated from flammable propellant storage tanks and
from ignitible (flammable and combustible) liquids storage by
a distance of at least 8 m (25 ft).

6.3* Building Construction.

6.3.1   Buildings or structures involved in the manufacturing of
aerosol products shall have no basement or any space below
the finish floor of the ground level.

6.3.1.1   Subject to the approval of the authority having jurisdic‐
tion, buildings or structures shall be permitted to have base‐
ments or below-ground level areas provided they are ventilated
at a minimum flow rate of 0.3 m3/min·m2 (1 ft3/min·ft2) of
floor area and provided the nearest entrance or access point is
located at least 15.1 m (50 ft) in any direction from the nearest
point of the gas house.

6.3.2   Flammable propellant charging operations shall be limi‐
ted to the ground floor.

6.3.3   Flammable propellant charging and pump rooms shall
be classified as High Hazard Areas, as defined by NFPA 101.

6.3.4 Damage-Limiting Construction.

6.3.4.1*   New flammable propellant charging rooms, flamma‐
ble propellant pump rooms, and rooms in which Class IA
liquids or unstable liquids are handled shall be designed to
direct flame, combustion gases, and pressures resulting from
deflagration away from important buildings or occupied areas
through the use of damage-limiting construction.

6.3.4.1.1   The damage-limiting construction shall be in accord‐
ance with recognized standards and shall be subject to approval
of the authority having jurisdiction.

6.3.4.1.2   Existing rooms that cannot be designed to direct
flame, combustion gases, and pressures resulting from a defla‐
gration away from important buildings or other occupied areas
shall be designed to control the deflagration to the room of
origin using techniques provided in NFPA 69.

6.3.4.2   The walls, roof, and all structural members shall be
designed to withstand a static pressure of at least five times the
release pressure of the deflagration vent closure, but in no case
less than 4.8 kPa (100 lb/ft2).

6.3.4.3   Damage-limiting construction shall be designed in
accordance with NFPA 68.

6.3.4.4   Walls, floors, ceilings, or roofs of flammable propellant
charging and pump rooms not used for deflagration relief
venting shall be constructed of noncombustible materials.

6.3.4.5   Damage-limiting construction shall be provided in all
new construction of the following areas:

(1) Flammable propellant charging rooms
(2) Flammable propellant pump rooms
(3) Areas in which Class IA liquids or unstable liquids are

handled

6.3.4.6   Deflagration vents shall relieve to a safe location to
avoid injury to personnel and to minimize property damage.

6.3.4.7   Deflagration venting shall be designed and installed in
accordance with NFPA 68.

6.3.4.8   In existing rooms where deflagration venting cannot
be installed, a deflagration suppression system that meets the
requirements of NFPA 69 shall be installed.

6.3.4.9   Deflagration vents shall be maintained in accordance
with 9.6.3.

6.4 Ventilation.

6.4.1*   Mechanical exhaust ventilation shall be provided for
flammable concentrate–filling areas and for flammable propel‐
lant charging and pump rooms in accordance with 6.4.2 or
6.4.3, as applicable.

6.4.1.1   Ventilation systems shall include exhaust systems and
make-up air systems.

6.4.2   Mechanical exhaust ventilation for the flammable
propellant charging and pump rooms shall meet the following
requirements:

(1) The ventilation shall be nonrecirculating.
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(2) Make-up air shall be taken from areas where flammable
vapors are not present.

(3) Air inlets and outlets shall be located so that air flows
uniformly across the floor of the room. The bottom of
the air inlets and outlets shall be no more than 0.15 m
(0.5 ft) above the floor.

(4)* The required rate of ventilation shall be determined by
the following formula:

VR
LEL V R

DL LEL
=

−( )( )( )

( )( )

100

where:
VR = required ventilation flow rate, m3/hr (ft3/min)

(Note: To convert m3/hr to ft3/min, multiply VR
by 0.588.)

LEL = lower explosive limit of the specific propellant
being used, percent by volume

V = volume of vapor produced per unit volume of
liquid propellant, m3/L (ft3/gal)

R = estimated volume of propellant lost during
normal filling operations plus 20 percent for
occasional system leakage, L/hr (gal/min)

DL = design level, which is the ratio of the desired
allowable vapor concentration, in percent by
volume, to the lower explosive limit, as defined
above (Normally, DL is not more than 0.1.)

 
[6.4.2]

(5) Where provided at all propellant fillers and subject to
the approval of the AHJ, local exhaust ventilation shall
be permitted to replace up to 75 percent of the volumet‐
ric flow rate of the ventilation required by 6.4.2.

(6) In no case shall the room ventilation rate be less than
one air change per minute.

(7) Emergency ventilation shall be activated automatically at
not more than 20 percent of the LEL. It shall be
designed to provide 150 percent of the air flow rate
determined in 6.4.2(4) or two air changes per minute,
whichever is greater.

(8)* Exhaust discharge stacks shall be separated horizontally
by at least 3 m (10 ft) from make-up air intakes and shall
terminate at least 3 m (10 ft) above the roof and at least
1 m (3 ft) above any other building within 7.6 m (25 ft).

(9) Exhaust ventilation air flow shall be monitored to enable
automatic shutdown of the propellant-filling line in the
event of failure of the ventilation system.

(10) All fan blades utilized by the exhaust and make-up air
systems shall be nonsparking.

(11) The room shall be maintained at a negative pressure in
relation to the ambient air.

6.4.3   Mechanical exhaust ventilation shall be provided for
flammable base product–filling areas.

6.4.3.1   For areas that contain production operations likely to
emit hazardous concentrations of flammable vapors, general
area mechanical ventilation shall be provided at a minimum
flow rate of 0.3 m3/min·m2 (1 ft3/min·ft2) of floor area.

6.4.3.2   Ventilation shall be arranged to uniformly sweep the
entire floor area.

6.4.3.3   When provided at all of the following and subject to
the approval of the authority having jurisdiction, local exhaust
ventilation shall be permitted to replace up to 75 percent of

the volumetric flow rate of the general area ventilation
required by 6.4.3.1:

(1) Base product filler
(2) Button tipper
(3) Valve crimper

6.4.4*   Aerosol product test baths and button tippers shall be
enclosed and provided with mechanical exhaust ventilation.

6.4.4.1   Exhaust discharge stacks shall meet the requirements
of 6.4.2.

6.4.5   Local exhaust ventilation shall be provided for reject
aerosol product container receptacles that are located within
buildings.

6.4.6   Fume incinerators shall comply with 6.4.6.1 through
6.4.6.4.

6.4.6.1   Where installed, fume incinerators used to destroy
combustible vapors and gases in exhaust ventilation shall be
designed and installed in accordance with NFPA 86.

6.4.6.2   Where fume incinerators are used, the duct system
conveying the vapors shall be monitored by an approved
combustible gas detection system.

6.4.6.3   Annunciation of the combustible gas detection system
shall occur upon detection of 25 percent of the LEL of the
combustible gas.

6.4.6.4   Detection of 50 percent of the LEL of the combustible
gas shall activate diverters to direct the vapors to a safe location
outdoors.

6.5 Electrical Equipment.   Electrical equipment and wiring in
flammable propellant charging and pump rooms shall be suita‐
ble for Class I, Division 1 or Class I, Zone 1 locations in accord‐
ance with Articles 500, 501, 504, and 505 of NFPA 70.

6.5.1   If the vacuum pumps for propellant charging are in‐
stalled remotely (i.e., not in the charging room), the area
within 1.5 m (5 ft) of the extremities of the pumps shall be clas‐
sified as a Class I, Division 2 or Class I, Zone 2 location.

6.5.2*   Electrical equipment and wiring in areas where flam‐
mable liquids are handled shall be suitable for the classification
of the area, as defined in Chapters 9 through 16 of NFPA 30.

6.5.3*   For button tippers (actuator placers) and test baths
that handle products containing flammable gases or flammable
liquids, the following area classification requirements shall
apply:

(1) The area enclosed by the button tipper (actuator placer)
or test bath shall be classified as a Class I, Division 1 or
Class I, Zone 1.

(2) The area within 1.5 m (5 ft) in all directions of the button
tipper (actuator placer) or test bath shall be classified as a
Class I, Division 2 or Class I, Zone 2.

6.6* Control of Static Electricity.   All equipment involved in
the manufacture of aerosol products shall be suitably bonded
and grounded.

6.7* Combustible Gas Detection Systems.

6.7.1   Flammable propellant charging and pump rooms shall
be provided with an approved gas detection system that is
equipped with audible or visible alarms.
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6.7.2   The gas detection system shall be interlocked in accord‐
ance with Section 6.12.

6.7.3   Annunciation of the gas detection system alarm shall be
within the charging and pump rooms and in nearby produc‐
tion areas.

6.8 Automatic Sprinkler Protection.

6.8.1*   Flammable propellant charging and pump rooms shall
be protected by either a wet-pipe or a deluge-type automatic
sprinkler system. The system shall be designed to meet the
requirements of an extra-hazard, Group II occupancy, as set
forth in NFPA 13.

6.8.1.1   Deluge systems shall be activated by an approved
detection system.

6.8.2   Production areas that contain base product fillers,
button tippers, valve crimpers, test baths, and aerosol product
packaging equipment shall be protected by a wet-pipe auto‐
matic sprinkler system installed in accordance with NFPA 13.
The sprinkler system shall be designed to protect the highest
level of storage or production hazard that is present.

6.8.2.1   Level 2 and Level 3 Aerosol Products shall be permit‐
ted to be stored in production areas, such as staging areas (e.g.,
awaiting transfer to a warehouse), provided all of the following
are met:

(1) They are stacked no more than 1.5 m (5 ft) high.
(2) There is no warehouse storage of aerosol products within

7.6 m (25 ft) of the production line.

N 6.8.2.2   Aerosol Cooking Spray Product containers shall be
permitted to be stored in production areas, such as staging
areas (e.g., awaiting transfer to a warehouse), up to a maxi‐
mum quantity of 454 kg (1000 lb), provided all of the following
are met:

(1) They are stacked no more than 1.5 m (5 ft) high.
(2) There is no warehouse storage of aerosol products within

7.6 m (25 ft) of the production line.

Δ 6.8.2.3   Plastic Aerosol 3 Product containers of capacity larger
than 118 ml (4 fl oz) shall be permitted to be stored in produc‐
tion areas, such as staging areas (e.g., awaiting transfer to a
warehouse), up to a maximum quantity of 454 kg (1000 lb),
provided all of the following are met:

(1) They are stacked no more than 1.5 m (5 ft) high.
(2) There is no warehouse storage of aerosol products within

7.6 m (25 ft) of the production line.

N 6.8.2.4   Plastic Aerosol X Product containers of capacity larger
than 118 ml (4 fl oz) shall be permitted to be stored in produc‐
tion areas, such as staging areas (e.g., awaiting transfer to a
warehouse), up to a maximum quantity of 45 kg (100 lb),
provided all of the following are met:

(1) They are stacked no more than 1.5 m (5 ft) high.
(2) There is no warehouse storage of aerosol products within

7.6 m (25 ft) of the production line.

N 6.8.2.5   The maximum quantity in 6.8.2.1 and 6.8.2.3 do not
apply to Level 1 Aerosol Products and Plastic Aerosol 1 Prod‐
ucts, which are both treated as Class III commodities.

6.8.2.6   All other storage shall be protected in accordance with
Table 7.4.2.7(a) through Table 7.4.2.7(m), as applicable.

N 6.8.2.7   Storage exceeding quantities in 6.8.2.1 and 6.8.2.3
shall be protected in accordance with Table 7.4.2.7(a) through
Table 7.4.2.7(m), as applicable.

N 6.8.2.8   Storage exceeding quantities in 6.8.2.2 shall be protec‐
ted in accordance with Table 7.3.2.3(a) and Table 7.3.2.3(b), as
applicable.

Δ 6.8.3   Where acceptable to the authority having jurisdiction,
an automatic sprinkler system shall be permitted to be e‐
quipped for the injection of aqueous film-forming foam
(AFFF). Such systems shall be designed and installed in accord‐
ance with NFPA 11 and NFPA 13.

Δ 6.9 Fixed Extinguishing Systems.   Where automatic fire-
extinguishing systems are provided to protect production
equipment, such as mixers, solvent tanks, or fixed open
containers, such systems shall be designed and installed in
accordance with NFPA 11, NFPA 12, NFPA 12A, NFPA 17, and
NFPA 2001, as applicable.

6.10 Spill Control.

6.10.1*   Drainage systems shall be provided to direct leaks and
spills to a safe location.

6.10.2   Curbs, scuppers, or special drainage systems shall be
permitted to be used to control the spread of fire.

6.10.3   If drainage systems are connected to public sewers or
discharge into public waterways, the drainage systems shall be
equipped with traps, separators, or other devices that will divert
flow to a safe location.

6.11 Deflagration Suppression Systems.

6.11.1   A deflagration suppression system meeting the require‐
ments of NFPA 69 shall be installed in flammable propellant
charging rooms and flammable propellant pump rooms.

6.11.2   Where installed, an engineered deflagration suppres‐
sion system shall meet the requirements of NFPA 69 and shall
use listed radiant energy–sensing fire detectors.

6.12 Equipment Interlocks.   Equipment shall be interlocked
so that the system inputs listed in Table 6.12 result in the associ‐
ated process/equipment responses given.

6.13 Process Operating Requirements.

6.13.1 Packaging and Conveyor System.

6.13.1.1   Guide rails, starwheels, can screws (worms), and
other parts of the conveying system shall be designed to mini‐
mize crushing and tipping of containers.

6.13.1.2   Manual or automatic devices shall be installed to stop
packaging machinery and conveyors in the event of a jam.

6.13.1.3   Conveyor systems between the propellant charging
room and the production area conveyor openings, when provi‐
ded with covers or weather shields, shall be open at the bottom;
or in locations where environmental conditions affect aerosol
products or production equipment, a full enclosure shall be
permitted when designed to ensure flammable vapors cannot
enter the production area from the conveyor enclosure.
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6.13.2 Crimper and Under-the-Cup (UTC) Propellant Filler
Vacuum Pumps.

6.13.2.1   Vacuum pump discharge piping on any equipment
that handles flammable gases or flammable liquids shall meet
the requirements of 6.13.3.3.1.1 and 6.13.3.3.1.2.

6.13.3 Propellant Charging Equipment.

6.13.3.1   Propellant charging pumps, tank farm transfer
pumps, and all equipment subject to pressure from the pumps
shall be suitable for the maximum allowable operating pressure
(MAOP) of the system.

6.13.3.1.1   Pump discharge pressures shall not be limited,
provided they do not exceed the MAOP of the system.

6.13.3.2   High-pressure propellant booster pumps equipped
with backpressure regulating valves and bypass return lines
shall be provided with an automatic shutdown device in the
return line.

6.13.3.2.1*   The shutdown device shall be set so that the high-
pressure pump shuts down if the pressure in the propellant
bypass return piping (downstream of the backpressure regulat‐
ing valve) reaches a minimum gauge pressure of 345 kPa
(50 psi) below the set pressure of the hydrostatic relief valves
installed in the propellant bypass return piping.

6.13.3.3 Flammable Liquefied Gas Propellant Pumps.

6.13.3.3.1   Propellant pumps and associated components, such
as bypass regulator bonnet vents, safety relief valves, hydrostatic
relief valves, and manual vent valves on any equipment that
handles flammable gases or flammable liquids and are located
within a building shall meet the requirements of 6.13.3.3.1.1
through 6.13.3.3.1.7.

6.13.3.3.1.1   The discharge vent shall terminate at a safe loca‐
tion outside the building and at least 3 m (10 ft) away from any
air intake.

6.13.3.3.1.2   The discharge vent shall terminate at least 3 m
(10 ft) above the roof and at least 1 m (3 ft) above the highest
point of any building within 7.6 m (25 ft).

6.13.3.3.1.3   When flammable liquefied gas propellant charg‐
ing equipment and piping are being vented, liquid shall not be
discharged directly to atmosphere. Expansion chambers,
knock-out pots, or equivalent devices shall be used so that only
gas or vapor is released.

6.13.3.3.1.4   Discharge vent manifolds shall serve a single
propellant charging room or pump room.

6.13.3.3.1.5   Discharge vents, where installed, shall be
designed so as not to inhibit the operation of any safety relief
device.

N 6.13.3.3.1.6   Where propellant recovery systems are utilized
instead of propellant venting required in Table 6.12, these
systems shall be designed to minimize depressurization time of
piping and equipment.

N 6.13.3.3.1.7   A propellant venting system shall be installed to
serve as a backup to a propellant recovery system upon loss of
power or pneumatic supply pressure to the propellant recovery
pump.

6.13.3.3.2   If located inside a building, the propellant pump
shall be located either in the propellant charging room or in a
separate pump room that is provided with ventilation meeting
the requirements of Section 6.4.

6.13.3.3.3   If located outside, the propellant pump shall be
located at least 7.6 m (25 ft) from any of the following:

(1) Any opening in the adjacent wall of the production build‐
ing

(2) Walls or buildings other than those of the production
facility or the propellant charging room

(3) Any area subject to vehicular travel
(4) Any other sources of ignition

6.13.3.3.3.1   The propellant charging pump shall be placed on
a finished noncombustible hard surface.

6.13.3.3.3.2   A clearance of at least 3 m (10 ft) in all directions
shall be maintained from vegetation or other combustible
materials.

6.13.3.3.4   Pressure-containing metal parts and components
shall be constructed of the following materials:

(1) Steel
(2) Stainless steel
(3) Ductile (nodular) iron (meeting the specifications of

ASTM A395, Standard Specification for Ferritic Ductile Iron
Pressure-Retaining Castings for Use at Elevated Temperatures, or
A536, Standard Specification for Ductile Iron Castings, grades
60-40-18 or 65-45-12)

(4) Malleable iron (meeting the specifications of ASTM A47,
Standard Specification for Ferritic Malleable Iron Castings)

Table 6.12 Equipment Interlocks

System Inputs

Process/Equipment Response

Propellant
Supply

Shutdown
Propellant

Venting
Aerosol Line

Shutdown

Audible and
Visual
Alarms

Fire
Alarms

Standard
Ventilation

Rate

Emergency
Ventilation

Rate

Gas detection at 20% LEL NR NR NR Yes NR NA On
Gas detection at 40% LEL Yes NR Yes Yes NR NA On
Loss of ventilation Yes Yes Yes Yes NR NA NA
Emergency stop Yes Yes Yes Yes NR NA On
Deflagration suppression system disarm or trouble Yes Yes Yes Yes NR On NA
Halon 1301 deflagration suppression system actuation Yes Yes Yes Yes Yes Off Off
Water deflagration suppression system actuation Yes Yes Yes Yes Yes NA On
Loss of power Yes Yes Yes Yes NR NA NA
Gas detection system fault Yes Yes Yes Yes NR NA On
Automatic sprinkler actuation Yes Yes Yes Yes Yes NA NA

NR = Not required. NA = Not applicable.
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(5) High-strength gray iron (meeting the specifications of
ASTM A48, Standard Specification for Gray Iron Castings,
Class 40B)

(6) Brass
(7) Other material equivalent to one of items (1) through (6)

6.13.3.3.4.1   Pressure-containing parts, plungers, or pistons
shall not be constructed of ceramic materials.

6.13.3.4 Propellant Heaters.

6.13.3.4.1   If located inside a building, the propellant heater
shall be located either in the propellant charging room or in a
separate pump room having suitable ventilation, as described
in Section 6.4.

6.13.3.4.2   If located outside, propellant heaters shall meet the
requirements of 6.13.3.3.3.

6.13.3.4.3   Propellant heater components, such as heat
exchangers, piping, hoses, pumps, and valves, shall be suitable
for the MAOP of the system.

6.13.3.4.4   Propellant heaters shall use only hot water or
another nonhazardous liquid medium, such as glycol/water
mixtures, for the heat exchanger that heats the propellant.

6.13.3.4.5   A separate heating system shall be used to heat the
liquid medium that heats the propellant.

6.13.3.4.5.1   This system shall use steam, hot water, or an elec‐
tric immersion heater that is rated for the propellant being
heated and is suitable for the hazard rating of the location.

6.13.4 Test Baths.

6.13.4.1   When test baths are heated, they shall be heated with
steam or hot water or by electric immersion heaters that are
properly rated for the products being tested and are appropri‐
ate for the electrical area classification of the location.

6.13.4.2   Open-flame heaters shall not be used with Level 2 or
Level 3 Aerosol Products.

6.13.4.3   Provisions shall be made to prevent overheating and
subsequent rupture of containers when containers become
lodged or stranded in the bath.

6.13.4.4   Heated test baths shall have an independent over-
temperature control to prevent the overheating of the bath
water. This control system shall not be the same system that
regulates the bath temperature. Actuation of the over-
temperature control shall require a manual test.

6.14* Shrink-Wrapping of Aerosol Products.

6.14.1   Where heat shrink-wrapping in tunnel equipment
greater than 1.8 m (6 ft) in length of individual packages of
five or more aerosol products or palletized aerosol products is
performed, the heat shrink-wrap tunnel and equipment shall
be provided with the following:

(1) Equipment failure detection and notification
(2) Automatic product evacuation and notification upon loss

of power
(3) Automatic fire suppression and notification

6.14.2   Where heat shrink-wrapping in tunnel equipment of
1.8 m (6 ft) or less in length of individual packages of four or
fewer aerosol products is performed, an automatic product
evacuation system and alarm shall be provided that activates
upon loss of power.

6.15 Aerosol Product Laboratories.

6.15.1 Design of Aerosol Product Laboratories.

6.15.1.1*   Aerosol product laboratories that handle flammable
gases shall meet the requirements for Class A laboratory units,
as set forth in NFPA 45, and shall meet the requirements of
Section 6.15. Aerosol product laboratories that do not handle
flammable gases shall meet the appropriate requirements of
NFPA 45 and shall meet the requirements of Section 6.15.

6.15.1.2*   Ventilation systems and ventilation hoods shall meet
the requirements of NFPA 45.

6.15.1.3*   Gas detection systems, where installed, shall be
designed to sound alarms or otherwise notify personnel that
levels of potentially flammable or combustible compounds are
nearing dangerous or hazardous conditions. Components of
the system shall be compatible with materials present.

6.15.1.4   Laboratory units shall be provided with fire protec‐
tion that is appropriate for the fire hazards present, as specified
in NFPA 45.

6.15.1.5*   Except as provided for in 6.15.1.5.1, laboratory work
areas, laboratory units, and the interior of laboratory hoods
shall be considered as unclassified for purposes of electrical
area classification and with respect to NFPA 70.

6.15.1.5.1   Where flammable liquefied gas propellants are
transferred or vented inside a laboratory hood or where flam‐
mable propellant vapors are present under normal operating
conditions, the interior of the laboratory hood shall be electri‐
cally classified as Class I, Division 1 with respect to NFPA 70.

6.15.2 Storage and Handling of Flammable Gases and Liquids.

6.15.2.1   Storage and handling of ignitible (flammable and
combustible) liquids in aerosol product laboratories shall meet
the applicable requirements of NFPA 45.

6.15.2.2   Propellant cylinders shall be stored and handled in
accordance with 6.15.2.2.1 through 6.15.2.2.7.

6.15.2.2.1   Flammable liquefied gas propellant cylinders and
compressed gas propellant cylinders shall be handled only by
trained personnel.

6.15.2.2.2   Flammable liquefied gas propellant cylinders used
inside aerosol product laboratories shall be limited to a maxi‐
mum size of 19 L (5 gal) nominal capacity [typical 9 kg (20 lb)
propane capacity].

6.15.2.2.3   Flammable liquefied gas propellant cylinders used
inside aerosol product laboratories shall be limited to not more
than 15 cylinders each of 19 L (5 gal) nominal capacity.

6.15.2.2.3.1   Where additional aerosol product laboratories or
flammable liquefied gas propellant storage locations are
required on the same floor within the same building, they shall
be separated by a minimum of 91.4 m (300 ft).

6.15.2.2.4   The quantity of flammable liquefied gas propellant
used inside aerosol product laboratories shall be limited to a
maximum of 2 L/m2 (5 gal/100 ft2) of laboratory floor area.

6.15.2.2.5   Transfer of propellant from flammable liquefied
gas propellant cylinders shall be performed in a laboratory
hood that meets the requirements of NFPA 45.
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6.15.2.2.6   Propellant cylinders that are not “in use” shall not
be stored in the laboratory unit.

6.15.2.2.7   Where practical, flammable propellant cylinders of
larger capacity shall be stored outside in a secure, well-
ventilated area and piped directly into the aerosol product
laboratory hood for use.

6.15.2.2.7.1   Piping shall meet the requirements of NFPA 58.

6.15.2.2.8   Flammable liquefied gas propellant cylinders shall
be prohibited in basement aerosol product laboratories.

6.15.3 Specialized Testing.

6.15.3.1   Tests for total discharge, rate of spray, spray pattern,
and net weight shall be conducted with proper ventilation.

6.15.3.2   When the entire contents of an aerosol container
must be used to perform a test or the contents of the container
must be removed for internal examination of the container, the
following precautions shall be taken:

(1) The container shall be placed in a laboratory hood.
(2) The container shall be grounded.
(3) The container shall be pierced with a nonsparking device.
(4) Only one container at a time shall be punctured or

sprayed.
(5) When more than one container is to be evacuated at a

time, the operation shall be conducted in the propellant
charging room, outdoors, or within equipment or facili‐
ties specifically designed for this purpose.

6.15.3.3   Other specialized tests, such as foam flammability
tests, flame extension and distance to ignition tests, enclosed
space ignition test (drum test), flash point tests, etc., shall be
carried out under special conditions, in a protected and venti‐
lated location, using special equipment designed for the condi‐
tions of the test.

6.15.3.4   Cold-filling of flammable propellant shall be prohibi‐
ted for standard or routine evaluations.

6.15.3.5   Cold-filling of small numbers of samples used for
special testing shall be permitted where alternative filling meth‐
ods cannot be used.

6.15.3.6   Manual filling of aerosol product containers using
flammable propellant in an aerosol laboratory shall be conduc‐
ted inside a well-ventilated laboratory hood.

6.15.4* Pilot Laboratories.   Where propellant-filling equip‐
ment is similar to that utilized within production operations,
the laboratory shall be considered to be a pilot plant and shall
meet the construction and ventilation requirements of Chap‐
ter 6 of this code.

Chapter 7   Storage in Warehouses and Storage Areas

7.1 Basic Requirements.

7.1.1   The protection criteria in this chapter shall apply to the
following:

(1) Level 1 Aerosol Products in metal containers up to and
including 1000 ml (33.8 fl oz) capacity, in accordance
with Section 7.2

(2) Aerosol Cooking Spray Products in metal containers up
to and including 1000 ml (33.8 fl oz) capacity, in accord‐
ance with Section 7.3

(3) Level 2 and Level 3 Aerosol Products in metal containers
up to and including 1000 ml (33.8 fl oz)  capacity, in
accordance with Section  7.4

(4) Aerosol products in glass and plastic containers not more
than 118 ml (4 fl oz) capacity, in accordance with
Section 7.4

(5) Plastic Aerosol 1 Products in plastic containers greater
than 118 ml (4 fl oz) capacity and up to and including
1000 ml (33.8 fl oz) capacity, in accordance with
Section 7.5

(6) Plastic Aerosol 2 Products in plastic containers greater
than 118 ml (4 fl oz) capacity and not more than 1000 ml
(33.8 fl oz) in accordance with Section 7.4

(7) Plastic Aerosol 3 Products in plastic containers greater
than 118 ml (4 fl oz) capacity and up to and including
1000 ml (33.8 fl oz) capacity, in accordance with
Section  7.4

(8) Plastic Aerosol Cooking Spray Products in plastic contain‐
ers greater than 118 ml (4 fl oz) capacity and not more
than 1000 ml (33.8 fl oz) in accordance with 7.3.2.3

Δ 7.1.2   All outer packaging of aerosol products, including
cartons, trays, shrouds, or other packaging, shall be identified
on at least one side with the classification of the aerosol prod‐
ucts in accordance with Section 4.4 and with one of the follow‐
ing, whichever is appropriate:

(1) Level _____ Aerosols

(2) Aerosol Cooking Spray

(3) Plastic Aerosol 1

(4)Plastic Aerosol 2

(5) Plastic Aerosol 3

(6) Plastic Aerosol X

(7) Plastic Aerosol Cooking Spray

7.1.3*   Fire-retardant cartons shall not be considered an
acceptable alternative to the protection requirements of Chap‐
ter 7.

7.2* Storage of Level 1 Aerosol Products.

7.2.1   Level 1 Aerosol Products shall be considered equivalent
to Class III commodities, as defined in NFPA 13.

7.2.2   In cases where the storage of Level 1 Aerosol Products is
required to be protected, such storage shall be protected in
accordance with the requirements for Class III commodities set
forth in NFPA 13.

7.2.3   Solid shelving that is installed in racks that contain Level
1 Aerosol Products shall be protected in accordance with the
provisions of NFPA 13.

7.3 Storage of Aerosol Cooking Spray Products in Metal
Containers or Plastic Aerosol Cooking Spray Products.

7.3.1 General.

7.3.1.1   Aerosol Cooking Spray Products in metal containers or
Plastic Aerosol Cooking Spray Products shall be permitted to
be stored in a general-purpose warehouse.

7.3.1.2   Aerosol Cooking Spray Products in metal containers or
Plastic Aerosol Cooking Spray Products shall be permitted to
be stored mixed with other higher hazard aerosols as long as
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the provided isolation, storage height restrictions, and protec‐
tion are based on the highest hazard aerosol product present.

7.3.2 Fire Protection.

7.3.2.1   Encapsulated storage of cartoned Aerosol Cooking
Spray Products in metal containers or Plastic Aerosol Cooking
Spray Products shall be protected as uncartoned storage.

7.3.2.2   Stretch-wrapping of cartons of Aerosol Cooking Spray
Products shall be protected as cartoned storage.

7.3.2.3   Wet-pipe automatic sprinkler protection shall be provi‐
ded in accordance with Table 7.3.2.3(a) or Table 7.3.2.3(b) for
cartoned Aerosol Cooking Spray Products in metal containers
or Plastic Aerosol Cooking Spray Products stored in open
frame racks without solid shelves or stored as palletized or solid
pile storage.

7.3.2.4   Rack storage shall be arranged so that a minimum aisle
width of 2.4 m (8 ft) is maintained between rows of racks and
between racks and adjacent solid pile or palletized storage.

7.3.2.5   Solid pile and palletized storage shall be arranged so
that no storage is more than 7.6 m (25 ft) from an aisle. Aisles
shall be not less than 1.2 m (4 ft) wide.

7.3.2.6   Aerosol cooking spray product that is stored uncar‐
toned shall be protected in accordance with Section 6.4 using
the criteria for a Level 2 or Level 3 aerosol product, based on
the product’s chemical heat of combustion.

7.3.2.7   Protection criteria that are developed based on full-
scale fire tests performed at an approved facility shall be
considered an acceptable alternative to the protection criteria
set forth in Table 7.3.2.3(a) or Table 7.3.2.3(b).

7.3.2.8   Storage in occupancies other than warehouses or
mercantile occupancies, such as in assembly, business, educa‐
tional, industrial, and institutional occupancies, shall be
permitted up to a maximum of 454 kg (1000 lb) net weight.

7.3.2.9    Solid pile, palletized, or rack storage of aerosol cook‐
ing spray product shall be permitted in a general-purpose ware‐
house that is either unsprinklered or not protected in
accordance with this code, up to a maximum of 1135 kg
(2500 lb).

7.3.2.10   Solid pile, palletized, or rack storage of Aerosol Cook‐
ing Spray Products shall not be limited in quantity in a general
purpose warehouse that is protected in accordance with
Section 7.3.

7.3.2.11   Solid shelving shall comply with 7.3.2.11.1 through
7.3.2.11.4.

7.3.2.11.1   Solid shelving that is installed in racks that contain
Aerosol Cooking Spray Products shall be protected in accord‐
ance with Table 7.3.2.3(a) or Table 7.3.2.3(b).

7.3.2.11.2   In-rack sprinklers shall be installed beneath each
solid shelf and beneath all tiers under the highest shelf level in
an arrangement as provided in Figure 7.4.2.7(b).

7.3.2.11.3   The design for the in-rack sprinklers shall be in
accordance with 7.4.2.9.2 with a minimum discharge flow of
170 L/min (45 gpm).

7.3.2.11.4   Where racks with solid shelves obstruct only a
portion of an open-frame rack, in-rack sprinklers shall be
extended beyond the end of the solid shelf a minimum of
1.2 m (4 ft) to the nearest flue space intersection.

7.4 Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol
2, and Plastic Aerosol 3 Products.

7.4.1   The storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products shall be in accord‐
ance with Section 7.4.

7.4.1.1   Level 2 Aerosol Products in containers whose net
weight is less than 28 g (1 oz) shall be considered to be equiva‐
lent to cartoned unexpanded Group A plastics, as defined in
NFPA 13.

Table 7.3.2.3(a) Rack, Palletized, and Solid Pile Storage of Cartoned Aerosol Cooking Spray Products in Metal Containers or Plastic
Aerosol Cooking Spray Products (Metric Units)

  Ceiling Sprinkler Protection Criteria   

Maximum
Ceiling
Height

(m)

Maximum
Storage
Height

(m)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design
(# sprinklers @

discharge
pressure)

Hose Stream
Demand
(L/min)

Water Supply
Duration

(hr)

9.1 7.6 ESFR-pendent
K = 200

FR/Ordinary 12 @ 5.2 bar 950 1

Table 7.3.2.3(b) Rack, Palletized, and Solid Pile Storage of Cartoned Aerosol Cooking Spray Products in Metal Containers or Plastic
Aerosol Cooking Spray Products (English Units)

  Ceiling Sprinkler Protection Criteria   

Maximum
Ceiling
Height

(ft)

Maximum
Storage
Height

(ft)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design
(# sprinklers @

discharge
pressure)

Hose Stream
Demand
(gpm)

Water Supply
Duration

(hr)

30 25 ESFR-pendent
K = 14.0

FR/Ordinary 12 @ 75 psi 250 1
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7.4.1.1.1   In cases where the storage of Level 2 Aerosol Prod‐
ucts in containers whose net weight is less than 28 g (1 oz) is
required to be protected, such storage shall be in accordance
with the requirements set forth in NFPA 13 for cartoned unex‐
panded Group A plastics.

7.4.2 Fire Protection — Basic Requirements.

7.4.2.1   Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products shall not be permit‐
ted in basement areas of warehouses.

7.4.2.1.1   Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products shall be permitted as
provided for in 7.4.3.

7.4.2.2*   Encapsulated storage of cartoned Level 2 and Level
3 Aerosol Products shall be protected as uncartoned.

7.4.2.2.1   Stretch-wrapping of cartons of aerosol products shall
be permitted.

7.4.2.2.2   Encapsulated storage of uncartoned Level 2 and
Level 3 Aerosol Products on slip sheets or in trays shall be
permitted.

7.4.2.2.3   Plastic Aerosol 2 and Plastic Aerosol 3 products shall
not be encapsulated.

7.4.2.2.4   Plastic Aerosol 2 and Plastic Aerosol 3 products shall
only be packaged in cartons.

7.4.2.3   Level 2 and Level 3 Aerosol Products whose containers
are designed to vent at gauge pressures of less than 1450 kPa
(210 psi) shall not be stored.

7.4.2.4   Noncombustible draft curtains shall extend down a
minimum of 0.61 m (2 ft) from the ceiling and shall be in‐
stalled at the interface between ordinary and high-temperature
sprinklers.

7.4.2.5   Storage of mixed commodities within or adjacent to
aerosol product storage areas shall meet all applicable require‐
ments of Chapter 7.

7.4.2.6   Storage of idle or empty pallets shall meet all applica‐
ble requirements of NFPA 13.

7.4.2.7   Where required by Chapter 7, wet-pipe automatic
sprinkler protection shall be provided in accordance with Table
7.4.2.7(a) through Table 7.4.2.7(m), Figure 7.4.2.7(a) through
Figure 7.4.2.7(e), and Section 7.6 as designated in the corre‐
sponding table(s). Protection shall be based on the highest
level of aerosol product present. No protection criteria have
been established for the protection of palletized and solid-piled
storage of uncartoned Plastic Aerosol 2 and Level 3 Aerosol
Products, palletized/solid-piled storage of Plastic Aerosol 2 and
Plastic Aerosol 3 Products, or any storage of Plastic Aerosol X
Products. The tables are as follows:

(1) Table 7.4.2.7(a) Palletized and Solid Pile Storage of
Cartoned Level 2 and Level 3 Aerosol Products (Metric
Units)

(2) Table 7.4.2.7(b) Palletized and Solid Pile Storage of
Cartoned Level 2 and Level 3 Aerosol Products (English
Units)

(3) Table 7.4.2.7(c) Palletized and Solid Pile Storage of
Uncartoned Level 2 Aerosol Products (Metric Units)

(4) Table 7.4.2.7(d) Palletized and Solid Pile Storage of
Uncartoned Level 2 Aerosol Products (English Units)

(5) Figure 7.4.2.7(e) Rack Storage of Cartoned Level 2 Aero‐
sol Products (Metric Units)

(6) Table 7.4.2.7(f) Rack Storage of Cartoned Level 2 Aero‐
sol Products (English Units)

(7) Table 7.4.2.7(g) Rack Storage of Cartoned Level 3 Aero‐
sol and Cartoned Plastic Aerosol 2 Products (Metric
Units)

(8) Table 7.4.2.7(h) Rack Storage of Cartoned Level 3 Aero‐
sol and Cartoned Plastic Aerosol 2 Products (English
Units)

(9) Table 7.4.2.7(i) Rack Storage of Uncartoned Level
2 Aerosol Products (Metric Units)

(10) Table 7.4.2.7(j) Rack Storage of Uncartoned Level
2 Aerosol Products (English Units)

(11) Table 7.4.2.7(k) Rack Storage of Uncartoned Level
3 Aerosol Products (Metric Units)

(12) Table 7.4.2.7(l) Rack Storage of Uncartoned Level
3 Aerosol Products (English Units)

(13) Table 7.4.2.7(m) Rack Storage of Plastic Aerosol 3 Prod‐
ucts (Metric/English Units)

7.4.2.7.1   The protection criteria in Table 7.4.2.7(a) through
Table 7.4.2.7(m) shall only be used with ceilings having a pitch
of 2 in 12 or less.

7.4.2.7.2   Fire protection requirements for more demanding
commodity and clearance situations shall be permitted to be
used for less demanding situations.

7.4.2.7.3   The ordinary-temperature design criteria correspond
to ordinary-temperature-rated sprinklers and shall be used for
sprinklers with ordinary- and intermediate-temperature classifi‐
cation.

7.4.2.7.4   The high-temperature design criteria correspond to
high-temperature-rated sprinklers and shall be used for sprin‐
klers having a high-temperature rating.

7.4.2.8   Protection criteria that are developed based on full-
scale fire tests performed at an approved test facility shall be
considered an acceptable alternative to the protection criteria
set forth in Table 7.4.2.7(a) through Table 7.4.2.7(m). Such
alternative protection criteria shall be subject to the approval
of the AHJ.
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Table 7.4.2.7(a) Palletized and Solid Pile Storage of Cartoned Level 2 and Level 3 Aerosol Products (Metric Units)

Aerosol
Level

Maximum
Ceiling
Height

(m)

Maximum
Storage
Height

(m)

Ceiling Sprinkler Protection Criteria

Water Supply
Duration

(hr)

Hose Stream
Demand
(L/min)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure)

2 7.6 5.5 CMSA K = 160 SR/Ordinary 15 @ 3.4 bar 2 1900

6.1 ESFR-pendent K 
= 200

FR/Ordinary 12 @ 3.4 bar 1 950

ESFR-pendent K 
= 240

FR/Ordinary 12 @ 2.4 bar 1 950

ESFR-pendent K 
= 320

FR/Ordinary 12 @ 1.7 bar 1 950

ESFR-pendent K 
= 360

FR/Ordinary 12 @ 1.7 bar 1 950

9.1 1.5 Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

2 1900

4.6 ESFR-pendent K 
= 200

FR/Ordinary 12 @ 3.4 bar 1 950

ESFR-pendent K 
= 240

FR/Ordinary 12 @ 2.4 bar 1 950

ESFR-pendent K 
= 320

FR/Ordinary 12 @ 1.7 bar 1 950

ESFR-pendent K 
= 360

FR/Ordinary 12 @ 1.7 bar 1 950

3 6.1 1.5 Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

2 1900

3.0 CMSAK = 160 SR/Ordinary 15 @ 5.2 bar 2 1900

7.6 4.6 ESFR-pendent K 
= 200

FR/Ordinary 12 @ 3.4 bar 1 950

ESFR-pendent K 
= 240

FR/Ordinary 12 @ 2.4 bar 1 950

ESFR-pendent K 
= 320

FR/Ordinary 12 @ 1.7 bar 1 950

ESFR-pendent K 
= 360

FR/Ordinary 12 @ 1.7 bar 1 950

9.1 1.5 Spray K ≥ 160 SR/High 25 mm/min 
over 232 m2

2 1900

4.6 ESFR-pendent K 
= 200

FR/Ordinary 12 @ 5.2 bar 1 950

ESFR-pendent K 
= 240

FR/Ordinary 12 @ 3.6 bar 1 950

ESFR-pendent K 
= 320

FR/Ordinary 12 @ 3.1 bar 1 950

ESFR-pendent K 
= 360

FR/Ordinary 12 @ 1.7 bar 1 950

FR: Fast response. SR: Standard response. ESFR: Early suppression fast response. CMSA: Control mode specific application.
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Table 7.4.2.7(b) Palletized and Solid Pile Storage of Cartoned Level 2 and Level 3 Aerosol Products (English Units)

Aerosol
Level

Maximum
Ceiling Height

(ft)

Maximum
Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria

Water Supply
Duration

(hr)

Hose Stream
Demand
(gpm)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (#

sprinklers @
discharge
pressure)

2 25 18 CMSAK = 11.2 SR/Ordinary 15 @ 50 psi 2 500

20 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi 1 250

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi 1 250

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi 1 250

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi 1 250

30 5 Spray K ≥ 8.0 SR/High 0.30 gpm/ft2 
over 2500 ft2

2 500

15 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi 1 250

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi 1 250

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi 1 250

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi 1 250

3 20 5 Spray K ≥ 8.0 SR/High 0.30 gpm/ft2 
over 2500 ft2

2 500

10 CMSA K = 11.2 SR/Ordinary 15 @ 75 psi 2 500

25 15 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi 1 250

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi 1 250

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi 1 250

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi 1 250

30 5 Spray K ≥ 11.2 SR/High 0.60 gpm/ft2 
over 2500 ft2

2 500

15 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi 1 250

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi 1 250

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi 1 250

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi 1 250

FR: Fast response. SR: Standard response. ESFR: Early suppression fast response. CMSA: Control mode specific application.
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Table 7.4.2.7(c) Palletized and Solid Pile Storage of Uncartoned Level 2 Aerosol Products (Metric Units)

Maximum Ceiling
Height

(m)

Maximum Storage
Height

(m)

Ceiling Sprinkler Protection Criteria

Water Supply
Duration

(hr)

Hose Stream
Demand
(L/min)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure)

7.6 4.6 ESFR-pendent K = 200 FR/Ordinary 12 @ 3.4 bar 1 950

ESFR-pendent K = 240 FR/Ordinary 12 @ 2.4 bar 1 950

ESFR-pendent K = 320 FR/Ordinary 12 @ 1.7 bar 1 950

ESFR-pendent K = 360 FR/Ordinary 12 @ 1.7 bar 1 950

9.1 4.6 ESFR-pendent K = 200 FR/Ordinary 12 @ 5.2 bar 1 950

ESFR-pendent K = 240 FR/Ordinary 12 @ 3.6 bar 1 950

ESFR-pendent K = 320 FR/Ordinary 12 @ 3.1 bar 1 950

ESFR-pendent K = 360 FR/Ordinary 12 @ 1.7 bar 1 950

FR: Fast response. ESFR: Early suppression fast response.

Table 7.4.2.7(d) Palletized and Solid Pile Storage of Uncartoned Level 2 Aerosol Products (English Units)

Maximum Ceiling
Height

(ft)

Maximum Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria

Water Supply
Duration

(hr)

Hose Stream
Demand
(gpm)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure)

25 15 ESFR-pendent K = 14.0 FR/Ordinary 12 @ 50 psi 1 250

ESFR-pendent K = 16.8 FR/Ordinary 12 @ 35 psi 1 250

ESFR-pendent K = 22.4 FR/Ordinary 12 @ 25 psi 1 250

ESFR-pendent K = 25.2 FR/Ordinary 12 @ 25 psi 1 250

30 15 ESFR-pendent K = 14.0 FR/Ordinary 12 @ 75 psi 1 250

ESFR-pendent K = 16.8 FR/Ordinary 12 @ 52 psi 1 250

ESFR-pendent K = 22.4 FR/Ordinary 12 @ 45 psi 1 250

ESFR-pendent K = 25.2 FR/Ordinary 12 @ 25 psi 1 250

FR: Fast response. ESFR: Early suppression fast response.

You are prohibited from printing any part of this document through this viewer. This includes third-party applications, screen grabbers and/or print-screen functions.

Printed / viewed by: [anon.user@ucd.ie] @ 2025-02

Further reproduction, distribution, storage or use on a network is prohibited.

Copyrighted material licensed to Intertek Inform^University College Dublin.



STORAGE IN WAREHOUSES AND STORAGE AREAS 30B-23

Shaded text = Revisions. Δ = Text deletions and figure/table revisions. • = Section deletions. N  = New material. 2023 Edition

Δ Table 7.4.2.7(e) Rack Storage of Cartoned Level 2 Aerosol Products (Metric Units)

Maximum
Roof

Height
(m)

Maximum
Storage
Height

(m)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(L/min)

Water
Supply

Duration
(hr)

Sprinkler
Type/

Nominal
Orifice

(L/min/
bar0.5)

Response/
Nominal

Temperature
Rating

Design
Density/Area

(# sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(L/min)

Sprinkler
Type/

Nominal
Orifice

(L/min/
bar0.5)

Response/
Nominal

Temperature
Rating

7.6 6.1 ESFR-
pendent 
K = 200

FR/
Ordinary

12 @ 3.4 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 240

FR/
Ordinary

12 @ 2.4 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 320

FR/
Ordinary

12 @ 1.7 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 360

FR/
Ordinary

12 @ 1.7 bar* NA NA NA NA 950 1

9.1 4.6 ESFR-
pendent 
K = 200

FR/
Ordinary

12 @ 3.4 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 240

FR/
Ordinary

12 @ 2.4 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 320

FR/
Ordinary

12 @ 1.7 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 360

FR/
Ordinary

12 @ 1.7 bar* NA NA NA NA 950 1

6.1 Spray K ≥ 
115

SR/High 12 mm/min 
over 

232 m2

Figure 
7.4.2.7(a)

Spray K ≥ 80 QR/
Ordinary

114 1900 2

7.6 ESFR-
pendent 
K = 200

FR/
Ordinary

12 @ 3.4 bar Figure 
7.4.2.7(a)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-
pendent 
K = 240

FR/
Ordinary

12 @ 2.4 bar Figure 
7.4.2.7(a)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-
pendent 
K = 320

FR/
Ordinary

12 @ 1.7 bar Figure 
7.4.2.7(a)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-
pendent 
K = 360

FR/
Ordinary

12 @ 1.7 bar Figure 
7.4.2.7(a)

Spray K ≥ 80 QR/
Ordinary

114 950 1

Spray K ≥ 
160

SR/High 16 mm/min 
over 

232 m2

Figure 
7.4.2.7(a)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

Unlimited Unlimited See Protection for Level 3 Aerosols with Unlimited Building and Storage Heights

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(f) Rack Storage of Cartoned Level 2 Aerosol Products (English Units)

Maximum
Roof

Height
(ft)

Maximum
Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(gpm)

Water
Supply

Duration
(hr)

Sprinkler
Type/

Nominal
Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (#

sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(gpm)

Sprinkler
Type/Nominal

Orifice
(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

25 20 ESFR-
pendent 
K = 14.0

FR/
Ordinary

12 @ 50 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 16.8

FR/
Ordinary

12 @ 35 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 22.4

FR/
Ordinary

12 @ 25 psi* NA NA NA NA 250 1

ESFR-K = 
25.2

FR/
Ordinary

12 @ 25 psi* NA NA NA NA 250 1

30 15 ESFR-
pendent 
K = 14.0

FR/
Ordinary

12 @ 50 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 16.8

FR/
Ordinary

12 @ 35 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 22.4

FR/
Ordinary

12 @ 25 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 25.2

FR/
Ordinary

12 @ 25 psi* NA NA NA NA 250 1

20 Spray K ≥ 
8.0

SR/High 0.3 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(a)

Spray K ≥ 5.6 QR/
Ordinary

30 500 2

25 ESFR-
pendent 
K = 14.0

FR /
Ordinary

12 @ 50 psi Figure 
7.4.2.7(a)

Spray K ≥ 5.6 QR/
Ordinary

30 250 1

ESFR-
pendent 
K = 16.8

FR/
Ordinary

12 @ 35 psi Figure 
7.4.2.7(a)

Spray K ≥ 5.6 QR/
Ordinary

30 250 1

ESFR-
pendent 
K = 22.4

FR/
Ordinary

12 @ 25 psi Figure 
7.4.2.7(a)

Spray K ≥ 5.6 QR/
Ordinary

30 250 1

ESFR-
pendent 
K = 25.2

FR/
Ordinary

12 @ 25 psi Figure 
7.4.2.7(a)

Spray K ≥ 5.6 QR/
Ordinary

30 250 1

Spray K ≥ 
11.2

SR/High 0.4 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(a)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

Unlimited Unlimited See Protection for Level 3 Aerosols with Unlimited Building and Storage Heights

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(g) Rack Storage of Cartoned Level 3 Aerosol and Cartoned Plastic Aerosol 2 Products (Metric Units)

Maximum
Roof

Height
(m)

Maximum
Storage Height

(m)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(L/min)

Water
Supply

Duration
(hr)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(L/min)

Sprinkler
Type/Nominal

Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

7.6 4.6 ESFR-pendent 
K = 200

FR/Ordinary 12 @ 3.4 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 240

FR/Ordinary 12 @ 2.4 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 320

FR/Ordinary 12 @ 1.7 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar* NA NA NA NA 950 1

9.1 4.6 ESFR-pendent 
K = 200

FR/Ordinary 12 @ 5.2 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 240

FR/Ordinary 12 @ 3.6 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 320

FR/Ordinary 12 @ 3.1 bar* NA NA NA NA 950 1

ESFR-pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar* NA NA NA NA 950 1

7.6 ESFR-pendent 
K = 200

FR/Ordinary 12 @ 5.2 bar Figure 
7.4.2.7(a) 

or (b)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-pendent 
K = 240

FR/Ordinary 12 @ 3.6 bar Figure 
7.4.2.7(a) 

or (b)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-pendent 
K = 320

FR/Ordinary 12 @ 3.1 bar Figure 
7.4.2.7(a) 

or (b)

Spray K ≥ 80 QR/
Ordinary

114 950 1

ESFR-pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(a) 

or (b)

Spray K ≥ 80 QR /
Ordinary

114 950 1

Spray K ≥ 160 SR/High 25 mm/min 
over 232 m2

Figure 
7.4.2.7(a)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(b)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

Unlimited For 
clearance 

≤ 1.5 m

Spray K ≥ 160 SR/High 25 mm/min 
over 140 m2

Figure 
7.4.2.7(b)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

For 
clearance 
> 1.5 m & 

≤ 4.6 m

Spray K ≥ 160 SR/High 25 mm/min 
over 140 m2 
to 232 m2; 
interpolate 

for 
clearances 
between 

1.5 m and 
4.6 m

Figure 
7.4.2.7(b)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

For 
clearance 

> 4.6 m

Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(c)

Spray K ≥ 80 SR or QR/
Ordinary

114 1900 2

Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 950 1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(h) Rack Storage of Cartoned Level 3 Aerosol Products and Cartoned Plastic Aerosol 2 (English Units)

Maximum
Roof

Height
(ft)

Maximum
Storage Height

(ft)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(gpm)

Water
Supply

Duration
(hr)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(gpm)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

25 15 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi* NA NA NA NA 250 1

30 15 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi* NA NA NA NA 250 1

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi* NA NA NA NA 250 1

25 ESFR-pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi Figure 
7.4.2.7(a) 
or Figure 
7.4.2.7(b)

Spray K ≥ 5.6 QR/Ordinary 30 250 1

ESFR-pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi Figure 
7.4.2.7(a) 
or Figure 
7.4.2.7(b)

Spray K ≥ 5.6 QR/Ordinary 30 250 1

ESFR-pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi Figure 
7.4.2.7(a) 
or Figure 
7.4.2.7(b)

Spray K ≥ 5.6 QR/Ordinary 30 250 1

ESFR-pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(a) 
or Figure 
7.4.2.7(b)

Spray K ≥ 5.6 QR/Ordinary 30 250 1

Spray K ≥ 11.2 SR/High 0.60 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(a)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

Spray K ≥ 8.0 SR/High 0.3 gpm/ft2 over 
2500 ft2

Figure 
7.4.2.7(b)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

Unlimited For 
clearance 

≤ 5 ft

Spray K ≥ 11.2 SR/High 0.6 gpm/ft2 over 
1500 ft2

Figure 
7.4.2.7(b)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

For 
clearance 
> 5 ft & ≤ 

15 ft

Spray K ≥ 11.2 SR/High 0.60 gpm/ft2 
over 1500 ft2 
to 2500 ft2; 

interpolate for 
clearances 

between 5 ft 
and 15 ft

Figure 
7.4.2.7(b)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

For 
clearance 

> 15 ft

Spray K ≥ 8.0 SR/High 0.30 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(c)

Spray K ≥ 5.6 SR or QR/
Ordinary

30 500 2

Unlimited Any Any See 7.6.1 Fire 
Protection 

System Design 
Scheme A

See 7.6.1 Fire Protection System Design Scheme A 250 1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(i) Rack Storage of Uncartoned Level 2 Aerosol Products (Metric Units)

Maximum
Roof Height

(m)

Maximum
Storage
Height

(m)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(L/min)

Water
Supply

Duration
(hr)

Sprinkler
Type/ Nominal

Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (#

sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(L/min)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

9.1 4.6 ESFR-
pendent 
K = 200

FR/Ordinary 12 @ 5.2 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 240

FR/Ordinary 12 @ 3.6 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 320

FR/Ordinary 12 @ 3.1 bar* NA NA NA NA 950 1

ESFR-
pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar* NA NA NA NA 950 1

6.1 ESFR-
pendent 
K = 200

FR /
Ordinary

12 @ 3.4 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 240

FR/Ordinary 12 @ 2.4 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 320

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

Spray K ≥ 160 SR/High 25 mm/min 
over 186 m2

Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 1900 2

Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 1900 2

7.6 ESFR-
pendent 
K = 200

FR/Ordinary 12 @ 3.4 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 240

FR/Ordinary 12 @ 2.4 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 320

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

Spray K ≥ 115 SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(e)

Spray K ≥ 115 FR/Ordinary 170 1900 2

Unlimited Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 950 1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(j) Rack Storage of Uncartoned Level 2 Aerosol Products (English Units)

Maximum
Roof

Height
(ft)

Maximum
Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(gpm)

Water
Supply

Duration
(hr)

Sprinkler
Type/

Nominal
Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design
Density/Area

(# sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(gpm)

Sprinkler
Type/Nominal

Orifice
(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

30 15 ESFR-
pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi* NA NA NA NA 250 1

ESFR-
pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi* NA NA NA NA 250 1

20 ESFR-
pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

Spray K ≥ 
11.2

SR/High 0.6 gpm/ft2 
over 

2000 ft2

Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 500 2

Spray K ≥ 
8.0

SR/High 0.3 gpm/ft2 
over 

2500 ft2

Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 500 2

25 ESFR-
pendent 
K = 14.0

FR/Ordinary 12 @ 50 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 16.8

FR/Ordinary 12 @ 35 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 22.4

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

Spray K ≥ 
8.0

SR/High 0.3 gpm/ft2 
over 

2500 ft2

Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 500 2

Unlimited Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 250 1

FR: Fast response. QR: = Quick response. SR: Standard response. ESFR: Early suppression fast response. NA: Not applicable.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
*Ceiling-only protection design permitted only for single- and double-row rack arrangements.
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Δ Table 7.4.2.7(k) Rack Storage of Uncartoned Level 3 Aerosol Products (Metric Units)

Maximum
Roof

Height
(m)

Maximum
Storage
Height

(m)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(L/min)

Water
Supply

Duration
(hr)

Sprinkler
Type/Nominal

Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (#

sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(L/min)

Sprinkler Type/
Nominal Orifice
(L/min/bar0.5)

Response/
Nominal

Temperature
Rating

9.1 6.1 ESFR-
pendent 
K = 200

FR/Ordinary 12 @ 5.2 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 240

FR/Ordinary 12 @ 3.6 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 320

FR/Ordinary 12 @ 3.1 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 950 1

Spray K ≥ 
160

SR/High 25 mm/min 
over 186 m2

Figure 
7.4.2.7(d)

Spray K ≥ 115 QR/Ordinary 170 1900 2

Spray K ≥ 
115

SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 1900 2

7.6 ESFR-
pendent 
K = 200

FR/Ordinary 12 @ 5.2 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 240

FR/Ordinary 12 @ 3.6 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 320

FR/Ordinary 12 @ 3.1 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

ESFR-
pendent 
K = 360

FR/Ordinary 12 @ 1.7 bar Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 950 1

Spray K ≥ 
115

SR/High 12 mm/min 
over 232 m2

Figure 
7.4.2.7(e)

Spray K ≥ 115 QR/Ordinary 170 1900 2

Unlimited Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 950 1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
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Δ Table 7.4.2.7(l) Rack Storage of Uncartoned Level 3 Aerosol Products (English Units)

Maximum
Roof

Height
(ft)

Maximum
Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(gpm)

Water
Supply

Duration
(hr)

Sprinkler
Type/Nominal

Orifice
(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (# sprinklers

@ discharge
pressure) Layout

Sprinkler Type

Discharge
Flow

(gpm)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

30 20 ESFR-
pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 250 1

Spray K ≥ 
11.2

SR/High 0.6 gpm/ft2 
over 2000 ft2

Figure 
7.4.2.7(d)

Spray K ≥ 8 QR/Ordinary 45 500 2

Spray K ≥ 8.0 SR/High 0.3 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 500 2

25 ESFR-
pendent 
K = 14.0

FR/Ordinary 12 @ 75 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 16.8

FR/Ordinary 12 @ 52 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR /Ordinary 45 250 1

ESFR-
pendent 
K = 22.4

FR/Ordinary 12 @ 45 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

ESFR-
pendent 
K = 25.2

FR/Ordinary 12 @ 25 psi Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 250 1

Spray K ≥ 8.0 SR/High 0.3 gpm/ft2 
over 2500 ft2

Figure 
7.4.2.7(e)

Spray K ≥ 8 QR/Ordinary 45 500 2

Unlimited Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 250 1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response.
Note: See 7.4.2.9.1 for in-rack sprinkler design.

Δ Table 7.4.2.7(m) Rack Storage of Plastic Aerosol 3 Products (Metric/English Units)

Maximum
Roof Height

(ft)

Maximum
Storage
Height

(ft)

Ceiling Sprinkler Protection Criteria In-Rack Sprinkler Protection Criteria

Hose
Stream

Demand
(L/min)
(gpm)

Water
Supply

Duration
(hr)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Design Density/
Area (#

sprinklers @
discharge
pressure) Layout

Sprinkler Type

Discharge
Flow (L/min)

(gpm)

Sprinkler Type/
Nominal Orifice

(gpm/psi0.5)

Response/
Nominal

Temperature
Rating

Unlimited Unlimited Any Any See 7.6.1 Fire 
Protection 

System 
Design 

Scheme A

See 7.6.1 Fire Protection System Design Scheme A 950
(250)

1

FR: Fast response. QR: Quick response. SR: Standard response. ESFR: Early suppression fast response.
Note: See 7.4.2.9.1 for in-rack sprinkler design.
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7.4.2.9   Installation of in-rack sprinklers shall be in accordance
with NFPA 13 as modified by Table 7.4.2.7(e) through Table
7.4.2.7(m) and fire protection system design schemes in
Section 7.6.

7.4.2.9.1   Installation and design of in-rack sprinklers used in
defined fire protection system design schemes shall be in
accordance with Section 7.6.

7.4.2.9.2   The in-rack sprinkler water demand shall be based
on the simultaneous operation of the most hydraulically
remote sprinklers as follows:

(1) Sprinkler design parameters shall be in accordance with
Table 7.4.2.7(a) through Table 7.4.2.7(l), whichever is
applicable.

(2) In-rack design flows indicated in Table 7.4.2.7(e) through
Table 7.4.2.7(l) shall be provided, but in no case shall the
end-sprinkler discharge gauge pressure be less than 0.69
bar (10 psi).

(3) Eight (8) sprinklers where only one level of in-rack sprin‐
klers is provided.

(4) Twelve (12) sprinklers [six (6) sprinklers on two levels]
where only two levels of in-rack sprinklers are provided.

(5) Eighteen (18) sprinklers [six (6) sprinklers on the top
three levels] where more than two levels of in-rack sprin‐
klers are provided.

7.4.2.9.3   Where in-rack sprinklers are not shielded by horizon‐
tal barriers, water shields shall be provided above the sprinklers
or listed intermediate level/rack sprinklers shall be used.

7.4.2.9.4   When in-rack sprinklers are necessary to protect a
higher hazard commodity that occupies only a portion of the
length of a rack, the following shall apply:

(1) In-rack sprinklers shall be extended a minimum of 2.4 m
(8 ft) or one bay, whichever is greater, in each direction
along the rack on either side of the higher hazard.

(2) The in-rack sprinklers protecting the higher hazard shall
not be required to be extended across the aisle.

7.4.2.9.5   Where a storage rack, due to its length, requires less
than the number of in-rack sprinklers specified, only those in-
rack sprinklers in a single rack need to be included in the
calculation.

7.4.2.9.6*   In-rack sprinklers shall be located at an intersection
of the transverse and longitudinal flues while not exceeding
the maximum spacing rules.

2.7 m (9 ft) approx.

1.5 m (5 ft) approx.

Plan View

Elevation View

Single-Row Rack

Typical tier height

1.5 m (5 ft) approx.

2.7 m (9 ft) approx.

2.7 m (9 ft) approx.

Plan View

Elevation View

Double-Row Racks

Typical tier height

1.5 m (5 ft) approx.

= Flue sprinkler with vertical stagger at odd-numbered tiers

= Flue sprinkler with vertical stagger at even-numbered tiers

Note: Line up in-rack sprinklers with transverse flue spaces.

Δ FIGURE 7.4.2.7(a)  In-Rack Sprinkler Layout, Cartoned Level 2 and Level 3 Aerosol Products.
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7.4.2.9.6.1   Where no transverse flues exist, in-rack sprinklers
shall not exceed the maximum spacing rules.

7.4.2.9.7   A minimum 150 mm (6 in.) vertical clearance shall
be maintained between the sprinkler deflectors and the top of
the tier of storage.

7.4.2.9.8   Horizontal barriers used in conjunction with in-rack
sprinklers to impede vertical fire development shall be

constructed of minimum 22 ga sheet metal, 10 mm (3∕8 in.)
plywood, or similar material and shall extend the full length
and depth of the rack.

7.4.2.9.8.1   Barriers shall be fitted within 50 mm (2 in.) hori‐
zontally around rack uprights.

7.4.2.10   Installations of hose connections shall meet the
requirements of NFPA 13.

Plan View

Elevation View (Aisle View)

Multiple-Row Racks

Typical tier height

1.5 m (5 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

= Flue sprinkler with vertical stagger 
   at odd-numbered tiers

= Flue sprinkler with vertical stagger 
   at even-numbered tiers

= Face sprinkler

Note: Line up in-rack sprinklers 

          with transverse flue spaces and

          provide face sprinklers at 

         4.6 m (15 ft) vertical level.

Δ FIGURE 7.4.2.7(a)  Continued
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7.4.2.10.1   Subject to the approval of the AHJ, hose stations
shall not be required to be installed in storage areas.

7.4.2.11   Storage height and building heights shall comply with
Table 7.4.2.7(a) through Table 7.4.2.7(m).

7.4.2.12   Solid shelving shall comply with 7.4.2.12.1 through
7.4.2.12.5.

7.4.2.12.1   Solid shelving that is installed in racks that contain
Level 2 Aerosol, Level 3 Aerosol, and Plastic Aerosol 2 Products
shall be protected in accordance with Table 7.4.2.7(e) through
Table 7.4.2.7(l), whichever is applicable.

7.4.2.12.2   In addition to the in-rack sprinklers shown in
Figure 7.4.2.7(a) through Figure 7.4.2.7(e), whichever is appli‐
cable, in-rack sprinklers shall be installed beneath each solid
shelf in an arrangement as provided in Figure 7.4.2.7(b).

7.4.2.12.3   Where ESFR sprinklers are installed at the ceiling
level and protect racks with solid shelving, in-rack sprinklers
shall be installed beneath all tiers under the highest solid shelf.

7.4.2.12.4   The design for the in-rack sprinklers shall be in
accordance with 7.4.2.9.2 with a minimum discharge flow of
170 L/min (45 gpm) or as provided for the selected design
criteria from Table 7.4.2.7(e) through Table 7.4.2.7(m), which‐
ever is less.

7.4.2.12.5   Where racks with solid shelves obstruct only a
portion of an open-frame rack, in-rack sprinklers shall be
extended beyond the end of the solid shelf a minimum of 4 ft
(1.2 m) to the nearest flue space intersection.

7.4.2.13   Where spray sprinklers are utilized for ceiling protec‐
tion, sprinkler spacing shall not exceed 9.3 m2 (100 ft2) unless
otherwise permitted by 7.4.2.14.

7.4.2.14   Ordinary or intermediate temperature rated K = 25.2
extended-coverage spray sprinklers shall be permitted to be
used for all density spray sprinkler design criteria in Table
7.4.2.7(a) through Table 7.4.2.7(m) when installed in accord‐
ance with their listing.

2.7 m (9 ft) approx.

1.5 m (5 ft) approx.

Plan View

Elevation View

Single-Row Rack

Typical tier height

1.5 m (5 ft) approx.

2.7 m (9 ft) approx.

2.7 m (9 ft) approx.

Plan View

Elevation View

Double-Row Racks

Typical tier height

1.5 m (5 ft) approx.

= Flue sprinkler at odd-numbered tiers

= Face sprinkler at odd-numbered tiers

= Flue sprinkler at even-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with transverse flue spaces.

Δ FIGURE 7.4.2.7(b)  In-Rack Sprinkler Layout, Cartoned Level 3 Aerosol and Cartoned Plastic Aerosol 2 Products.
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7.4.2.15   The ceiling heights in Table 7.4.2.7(e) through Table
7.4.2.7(l) shall be permitted to be increased by a maximum of
10 percent if an equivalent percent increase in ceiling sprinkler
design density is provided. This shall only apply to spray sprin‐
kler protection criteria.

7.4.2.16   Protection systems that are designed and developed
based on full-scale fire tests performed at an approved test
facility or on other engineered protection schemes shall be
considered an acceptable alternative to the protection criteria

set forth in Section 7.4. Such alternative protection systems
shall be approved by the AHJ.

7.4.2.17   Rack storage utilizing in-rack sprinklers shall be
arranged so that a minimum aisle width of 2.4 m (8 ft) is main‐
tained between rows of single- and double-row racks and
between racks and adjacent solid pile or palletized storage.

7.4.2.18   Where rack storage protection is provided by ceiling-
only ESFR sprinklers, aisle width shall be not less than 1.2 m
(4 ft).

Plan View

Elevation View (Aisle View)

Multiple-Row Racks

Typical tier height

1.5 m (5 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

= Flue sprinkler at odd-numbered tiers

= Face sprinkler at odd-numbered tiers

= Flue sprinkler at even-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with 

          transverse flue spaces.

Δ FIGURE 7.4.2.7(b)  Continued
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7.4.2.19   A minimum aisle width of 2.4 m (8 ft) shall be used
for the storage of Plastic Aerosol 3 Products.

7.4.2.20   Solid pile and palletized storage shall be arranged so
that no storage is more than 7.6 m (25 ft) from an aisle. Aisles
shall be not less than 1.2 m (4 ft) wide.

7.4.3 Limited-Quantity Storage in Occupancies Other Than
Warehouses.

Δ 7.4.3.1   Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products in a single fire area in
occupancies other than warehouses or mercantile occupancies,
such as assembly, business, educational, industrial, and institu‐
tional occupancies, shall be permitted up to one of the follow‐
ing quantities:

(1) A maximum of 454 kg (1000 lb) net weight of Level
2 Aerosol Products

(2) A maximum of 227 kg (500 lb) net weight of Level
3 Aerosol Products

(3) A maximum of 227 kg (500 lbs) net weight of Plastic
Aerosol 2 Products

(4) A maximum of 227 kg (500 lb) net weight of Plastic Aero‐
sol 3 Products

Δ 7.4.3.2   The combined net weight of Level 2 Aerosol, Level
3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Products shall
not exceed 454 kg (1000 lb).

7.4.3.3   These quantities shall be permitted to be doubled if
the quantities in excess of those stated in 7.4.3.1 or 7.4.3.2 are
stored in storage cabinets that meet the requirements of
Section 9.5 of NFPA 30.

Δ 7.4.3.4   Where Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol
2, and Plastic Aerosol 3 Products are stored in quantities
greater than those allowed by 7.4.3.1, 7.4.3.2, or 7.4.3.3, such
quantities shall be stored in a separate inside storage area meet‐
ing the requirements of 7.4.7.

2.7 m (9 ft) approx.

Solid barrier over top level of storage

Plan View

Elevation View

Single-Row Rack

Typical tier height

1.5 m (5 ft) approx.

1.5 m (5 ft) approx.

2.7 m (9 ft) approx.

2.7 m (9 ft) approx.

Plan View

Elevation View

Double-Row Racks

Typical tier height

1.5 m (5 ft) approx.

= Flue sprinkler at odd-numbered tiers

= Face sprinkler at odd-numbered tiers

= Flue sprinkler at even-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with transverse flue spaces.

Solid barrier over top level of storage

Δ FIGURE 7.4.2.7(c)  In-Rack Sprinkler Layout, Cartoned Level 2 and Level 3 Aerosol Products, Clearance Greater Than
4.6 m (15 ft).
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7.4.4 Limited-Quantity Storage in General-Purpose Ware‐
houses.

Δ 7.4.4.1   Subject to the approval of the AHJ, solid pile, pallet‐
ized, or rack storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products shall be permitted in
a general-purpose warehouse that is either unsprinklered or
not protected in accordance with this code up to one of the
following quantities:

(1) A maximum of 1135 kg (2500 lb) net weight of Level
2 Aerosol Products

(2) A maximum of 454 kg (1000 lb) net weight of Level
3 Aerosol Products

(3) A maximum of 454 kg (1000 lb) net weight of Plastic
Aerosol 2 Products

(4) A maximum of 454 kg (1000 lb) net weight of Plastic
Aerosol 3 Products

Plan View

Elevation View (Aisle View)

Multiple-Row Racks

Typical tier height

1.5 m (5 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

= Flue sprinkler at odd-numbered tiers

= Face sprinkler at odd-numbered tiers

= Flue sprinkler at even-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with 

          transverse flue spaces.

Solid barrier over top level of storage

Δ FIGURE 7.4.2.7(c)  Continued
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Δ 7.4.4.2   The combined net weight of Level 2 Aerosol, Level
3 Aerosol, and Plastic Aerosol 3 Products shall not exceed
1135 kg (2500 lb).

7.4.4.3   Subject to the approval of the AHJ, solid pile or pallet‐
ized storage of Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol
2, and Plastic Aerosol 3 Products shall be permitted in a
general-purpose warehouse that is protected throughout by an
automatic sprinkler system up to a maximum total quantity of
5450 kg (12,000 lb) combined net weight of Level 2 Aerosol,
Level 3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Prod‐
ucts subject to the following:

(1) The sprinkler system over the Aerosol Products storage
area and for a distance of 6 m (20 ft) beyond shall be
designed in accordance with Table 7.4.2.7(a) through
Table 7.4.2.7(d).

(2) Storage of ignitible (flammable and combustible) liquids
shall be separated from the Aerosol Products storage area
by at least 8 m (25 ft).

Δ 7.4.4.4   Subject to the approval of the AHJ, rack storage of
Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol 2, and Plastic
Aerosol 3 Products shall be permitted in a general-purpose
warehouse that is protected throughout by an automatic sprin‐
kler system up to a maximum total quantity of 10,900 kg
(24,000 lb) combined net weight of Level 2 Aerosol, Level

3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Products,
subject to the following:

(1) The sprinkler system in the Level 2 Aerosol, Level 3 Aero‐
sol, Plastic Aerosol 2, and Plastic Aerosol 3 Product stor‐
age area shall be designed in accordance with Table
7.4.2.7(e) through Table 7.4.2.7(m). The ceiling sprin‐
kler system design shall extend for 6 m (20 ft) beyond the
aerosol products storage area.

(2) Storage of aerosol products shall be separated from stor‐
age of ignitible (flammable and combustible) liquids by
at least 8 m (25 ft).

7.4.5 Segregated Aerosol Product Storage Areas in General-
Purpose Warehouses.

7.4.5.1   Segregated storage of Level 2 Aerosol, Level 3 Aerosol,
Plastic Aerosol 2, and Plastic Aerosol 3 Products in a general-
purpose warehouse shall only be in a warehouse that is protec‐
ted throughout by an automatic sprinkler system that is
designed in accordance with NFPA 13.

7.4.5.2   Solid pile, palletized, or rack storage of Level 2 Aero‐
sol, Level 3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3
Products in excess of the maximum quantities given in 7.4.4.1
through 7.4.4.4 shall be protected in accordance with the
requirements in 7.4.5.3 through 7.4.5.7.

2.7 m (9 ft) approx.

Plan View

Elevation View

Single-Row Rack

Typical tier height

1.5 m (5 ft) approx.

1.5 m (5 ft) approx.

2.7 m (9 ft) approx.

2.7 m (9 ft) approx.

Plan View

Elevation View

Double-Row Racks

Typical tier height

1.5 m (5 ft) approx.

= Flue sprinkler

= Face sprinkler

Note: Line up in-rack sprinklers with transverse flue spaces.

Δ FIGURE 7.4.2.7(d)  In-Rack Sprinkler Layout, Uncartoned Level 2 and Level 3 Aerosol Products, Racks up to 6.1 m (20 ft) High
Storage.
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7.4.5.3   Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products shall be in a segrega‐
ted area separated from the rest of the warehouse by interior
walls, chain-link fencing, or a separation area, in accordance
with the requirements of 7.4.5.3.1 through 7.4.5.3.3.

7.4.5.3.1   Interior walls shall have a fire resistance rating of 1
or 2 hours and shall be continuous from floor to the underside
of the roof deck or ceiling.

7.4.5.3.1.1   Openings in these walls shall be protected with self-
closing or automatic-closing listed fire door assemblies with fire
protection ratings corresponding to the fire resistance rating of
the wall as specified in Table 7.4.5.3.1.1.

(A)   For interior walls having a fire resistance rating of 2 hours,
the total floor area of the segregated Level 2 Aerosol, Level
3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Product stor‐

age area(s) shall not exceed 25 percent of the total floor area
of the warehouse, up to a maximum of 3,660 m2 (40,000 ft2).

(B)   For interior walls having a fire resistance rating of 1 hour,
the total floor area of the segregated Level 2 Aerosol, Level
3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Product stor‐
age area(s) shall not exceed 20 percent of the total floor area
of the warehouse, up to a maximum of 2,745 m2 (30,000 ft2).

7.4.5.3.2   Chain-link fencing shall extend from the floor to the
underside of the roof deck or ceiling and shall meet the follow‐
ing requirements:

(1) The total floor area of the segregated Level 2 Aerosol,
Level 3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3
Product storage area(s) shall not exceed 20 percent of
the total area of the warehouse, up to a maximum of
1,830 m2 (20,000 ft2).

Plan View

Elevation View (Aisle View)

Multiple-Row Racks

Typical tier height

1.5 m (5 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

= Flue sprinkler

= Face sprinkler

Note: Line up in-rack sprinklers with 

          transverse flue spaces.

Δ FIGURE 7.4.2.7(d)  Continued
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(2) Fencing shall not be lighter than 2.9 mm (9 gauge) steel
wire woven into a maximum 50 mm (2 in.) diamond
mesh.

(3) Storage of commodities whose hazard exceeds that of a
Class III commodity, as defined by NFPA 13 shall be kept
outside of the segregated area and at least 2.4 m (8 ft)
from the fence, except as allowed by 7.4.5.7.

(4) The area of the design for the required ceiling sprinkler
system shall extend 6 m (20 ft) beyond the segregated
area.

(5) A minimum of two personnel exits shall be provided.
(6) All openings in the fencing shall be provided with self-

closing or automatic-closing gates or shall be protected
with a labyrinth arrangement.

(7) Where automatic-closing gates are used, manual closure
actuating devices shall be provided adjacent to the open‐
ing to allow for manual closure of the gates.

7.4.5.3.3   Subject to the approval of the authority having juris‐
diction, a separation area shall extend outward from the
periphery of the segregated aerosol product storage area and
shall meet the following requirements:

(1) The total floor area of the segregated Level 2 Aerosol,
Level 3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3
Product storage area(s) shall not exceed 15 percent of
the total area of the warehouse, up to a maximum of
1,830 m2 (20,000 ft2).

(2) The limits of the aerosol product storage area shall be
clearly marked on the floor.

(3) The separation area shall be a minimum of 7.6 m (25 ft)
and shall be maintained clear of all materials that have a
commodity classification greater than Class III, according
to NFPA 13.

(4) The area of the design for the required ceiling sprinkler
system shall extend 6 m (20 ft) beyond the segregated
area.

7.4.5.4   Sprinkler protection shall be provided for segregated
aerosol product storage areas in accordance with Table
7.4.2.7(a) through Table 7.4.2.7(m). Protection shall be provi‐
ded for the highest level of aerosol products present.

2.7 m (9 ft) approx.

Plan View

Plan View

Elevation View

Single-Row Rack

Typical tier height

1.5 m (5 ft) approx.

1.5 m (5 ft) approx.

2.7 m (9 ft) approx.

2.7 m (9 ft) approx.

Elevation View

Double-Row Racks

Typical tier height

1.5 m (5 ft) approx.

= Flue sprinkler

= Face sprinkler at odd-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with transverse flue spaces.

Δ FIGURE 7.4.2.7(e)  In-Rack Sprinkler Layout, Uncartoned Level 2 and Level 3 Aerosol Products, Racks up to 7.6 m (25 ft) High
Storage.

You are prohibited from printing any part of this document through this viewer. This includes third-party applications, screen grabbers and/or print-screen functions.

Printed / viewed by: [anon.user@ucd.ie] @ 2025-02

Further reproduction, distribution, storage or use on a network is prohibited.

Copyrighted material licensed to Intertek Inform^University College Dublin.



MANUFACTURE AND STORAGE OF AEROSOL PRODUCTS30B-40

2023 Edition Shaded text = Revisions. Δ = Text deletions and figure/table revisions. • = Section deletions. N  = New material.

7.4.5.5   An approved fire alarm system, meeting the require‐
ments of Section 5.7, shall be provided throughout buildings
used for the warehousing of segregated Level 2 Aerosol, Level
3 Aerosol, Plastic Aerosol 2, and Plastic Aerosol 3 Products.

7.4.5.6   Activation of the fire alarm system required by 7.4.5.5
shall cause all fire doors or gates protecting openings in the
enclosure surrounding the segregated aerosol product storage
area to close automatically.

7.4.5.7   Storage of ignitible (flammable and combustible)
liquids shall be separated from the segregated area by a mini‐
mum distance of 8 m (25 ft) or by the segregating wall.

Table 7.4.5.3.1.1 Fire Protection Ratings for Fire Doors

Fire-Resistance Rating of Wall
(hr)

Fire Protection Rating of Door
(hr)

1 3∕4
2 11∕2
4 3*

*One fire door required on each side of interior openings for attached
aerosol warehouses.

Plan View

Elevation View (Aisle View)

Multiple-Row Racks

Typical tier height

1.5 m (5 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

Loading aisle

2.7 m (9 ft) approx.

= Flue sprinkler

= Face sprinkler at odd-numbered tiers

= Face sprinkler at even-numbered tiers

Note: Line up in-rack sprinklers with 

          transverse flue spaces.

Δ FIGURE 7.4.2.7(e)  Continued
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7.4.6 Aerosol Product Warehouses.

7.4.6.1   Storage of Level 2 Aerosol, Level 3 Aerosol, Plastic
Aerosol 2, and Plastic Aerosol 3 Products in excess of the
amounts permitted in 7.4.4 and 7.4.5 shall be located within an
aerosol product warehouse.

7.4.6.2   Aerosol product warehouses shall be protected by
automatic sprinkler systems in accordance with Table 7.4.2.7(a)
through Table 7.4.2.7(m).

7.4.6.2.1   Protection shall be provided for the highest level of
aerosol product present.

7.4.6.2.1.1   Subject to the approval of the authority having
jurisdiction, an unprotected aerosol product warehouse shall
be located a minimum of 30 m (100 ft) from exposed buildings
or adjoining property that can be built upon if there is protec‐
tion for exposures.

7.4.6.2.1.2   Where protection for exposures is not provided, a
minimum 60 m (200 ft) distance is required.

7.4.6.3   Aerosol product warehouses shall be separate,
detached buildings or shall be separated from other occupan‐
cies by freestanding 4-hour fire walls, with communicating
openings protected on each side by automatic-closing, listed 3-
hour fire doors.

7.4.6.4   If the aerosol product warehouse building is located
more than 3 m (10 ft), but less than 15 m (50 ft), from an
important building or line of adjoining property that can be
built upon, the exposing wall shall have a fire resistance rating
of at least 2 hours, with each opening protected with a listed
11∕2-hour fire door.

7.4.6.5   If the aerosol product warehouse building is located
3 m (10 ft) or less from an important building or line of adjoin‐
ing property that can be built upon, the exposing wall shall
have a fire resistance rating of 4 hours, with each opening
protected with a listed 3-hour fire door.

7.4.6.6   The total quantity of aerosol products within an aero‐
sol products warehouse shall not be restricted.

7.4.6.7   Combustible commodities, other than ignitible (flam‐
mable and combustible) liquids, shall be permitted to be
stored in an aerosol product warehouse, provided the ware‐
house is protected in accordance with Table 7.4.2.7(a) through
Table 7.4.2.7(m), whichever is applicable.

7.4.6.7.1   Ignitible (flammable and combustible) liquids in
metal containers of 0.9 L (1 qt) capacity or less shall be permit‐
ted to be stored in an aerosol product warehouse, provided the
warehouse is protected in accordance with Table 7.4.2.7(e)
through Table 7.4.2.7(m).

7.4.7 Storage of Aerosol Products in Inside Liquid Storage
Areas, Liquid Storage Rooms, and Liquid Storage Control
Areas.

7.4.7.1   Storage of aerosol products shall be permitted in
inside liquid storage areas, liquid storage rooms, and liquid
storage control areas of 47 m2 (500 ft2) or less that meet the
requirements of NFPA 30 up to a maximum quantity of 454 kg
(1000 lb) net weight of Level 2 Aerosol Products; 227 kg
(500 lb) net weight of Level 3 Aerosol Products; 227 kg
(500 lb) net weight of Plastic Aerosol 2 Products; or 454 kg
(1000 lb) net weight of combined Level 2 Aerosol Level 3 Aero‐
sol, and Plastic Aerosol 2 Products.

7.4.7.2   Storage of aerosol products shall be permitted in
inside liquid storage areas, liquid storage rooms, and liquid
storage control areas of greater than 47 m2 (500 ft2) that meet
the requirements of NFPA 30 up to a maximum quantity of
1135 kg (2500 lb) net weight of Level 2 Aerosol Products, or
454 kg (1000 lb) net weight of Level 3 Aerosol Products; 454 kg
(1000 lb) net weight of Plastic Aerosol 2 Products; or 1135 kg
(2500 lb) net weight of combined Level 2 Aerosol, Level
3 Aerosol, and Plastic Aerosol 2 Products.

7.4.7.3   Storage of aerosol products shall be permitted in
inside liquid storage areas, liquid storage rooms, and liquid
storage control areas up to a maximum of 2270 kg (5000 lb)
net weight if the separate inside storage area is protected by an
automatic sprinkler system that is designed in accordance with
Table 7.4.2.7(a) through Table 7.4.2.7(l), whichever is applica‐
ble.

7.4.8 Storage of Aerosol Products in Liquid Warehouses.   Stor‐
age shall be as defined in NFPA 30.

7.4.8.1   Storage of Level 2 Aerosol, Level 3 Aerosol, and Plastic
Aerosol 2 Products in a liquid warehouse, as defined in
NFPA 30 shall be within a segregated area.

7.4.8.2   Storage of Level 2 Aerosol, Level 3 Aerosol, and Plastic
Aerosol 2 Products shall be in a segregated area that is separa‐
ted from the rest of the warehouse by either interior walls or
chain-link fencing, in accordance with the requirements of
7.4.8.2.2 or 7.4.8.2.3.

7.4.8.2.1   Where aerosol products are stored in a detached,
unprotected liquid warehouse, as allowed by Chapter 13 of
NFPA 30 the aerosol products shall not be required to be in a
segregated area. Storage configuration shall meet the require‐
ments of 7.4.2.17 through 7.4.2.20.

7.4.8.2.2   Interior walls shall have a fire resistance rating of 1
or 2 hours and shall be continuous from the floor to the under‐
side of the roof deck.

7.4.8.2.2.1   Openings in these walls shall be protected with self-
closing or automatic-closing listed fire door assemblies with fire
protection ratings corresponding to the fire resistance rating of
the wall as specified in Table 7.4.5.3.1.1.

(A)   For interior walls having a fire resistance rating of 2 hours,
the total floor area of the segregated Level 2 Aerosol and Level
3 Aerosol Product storage area(s) shall not exceed 25 percent
of the total floor area of the warehouse, up to a maximum of
3,700 m2 (40,000 ft2).

(B)   For interior walls having a fire resistance rating of 1 hour,
the total floor area of the segregated Level 2 Aerosol and Level
3 Aerosol Product storage area(s) shall not exceed 20 percent
of the total floor area of the warehouse, up to a maximum of
1,850 m2 (30,000 ft2).

(C)   Spill control or drainage shall be provided to prevent the
flow of liquid to within 2.4 m (8 ft) of the segregated area.

7.4.8.2.3   Chain-link fencing shall extend from the floor to the
underside of the roof deck and shall meet the requirements of
7.4.8.2.3.1 through 7.4.8.2.3.8.

7.4.8.2.3.1   The total floor area of the segregated Level 2 and
Level 3 aerosol product storage area(s) shall not exceed
20 percent of the total floor area of the warehouse, up to a
maximum of 1,850 m2 (20,000 ft2).
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7.4.8.2.3.2*   Fencing shall be not lighter than 2.9 mm
(9 gauge) steel wire woven into a maximum 5 cm (2 in.)
diamond mesh.

7.4.8.2.3.3   All storage outside the segregated storage area
shall be kept at least 2.4 m (8 ft) from the fence.

7.4.8.2.3.4   Spill control or drainage shall be provided to
prevent the flow of liquid to within 2.4 m (8 ft) of the segrega‐
ted storage area.

7.4.8.2.3.5   The area that extends for 6 m (20 ft) beyond the
segregated storage area shall be protected by an automatic
sprinkler system designed in accordance with the requirements
for storage of aerosol products, as specified by this code, or in
accordance with the requirements for liquid storage, as speci‐
fied in NFPA 30 whichever is the more restrictive.

7.4.8.2.3.6   All openings in the fencing shall be provided with
self-closing or automatic-closing gates or shall be protected
with a labyrinth arrangement.

7.4.8.2.3.7   Where automatic-closing gates are used, manual
closure actuating devices shall be provided adjacent to the
opening to allow for manual closure of the gates.

7.4.8.2.3.8   A minimum of two personnel exits shall be provi‐
ded.

7.4.8.3   Sprinkler protection shall be provided for segregated
aerosol product storage areas in accordance with Table
7.4.2.7(a) through Table 7.4.2.7(l). Protection shall be provi‐
ded for the highest level of aerosol products present.

7.4.8.4   Fire doors or gates that lead into the segregated stor‐
age area shall be either self-closing or provided with automatic-
closing devices that are activated by water flow or by an
approved fire detection system.

7.4.9 Outdoor Storage.

7.4.9.1*   Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol 2,
and Plastic Aerosol 3 Products that are stored outdoors shall be
separated from important buildings or structures.

7.4.9.2   A minimum 15 m (50 ft) separation shall be main‐
tained between Level 2 Aerosol, Level 3 Aerosol, Plastic Aerosol
2, and Plastic Aerosol 3 Products and other combustible yard
storage.

7.4.9.3   Temporary storage trailers shall be located a minimum
of 15 m (50 ft) from buildings, any property line that can be
built upon, and other unprotected or combustible yard stor‐
age. A maximum of two such trailers shall be permitted in any
one storage group.

7.4.9.4   Storage shall meet all applicable requirements of
NFPA 1.

7.5 Aerosol Products in Plastic Containers Greater Than
118 ml (4 fl oz) and Up to and Including 1000 ml (33.8 fl oz).

7.5.1 Fire Protection — Plastic Aerosol 1 Products.

7.5.1.1   Plastic Aerosol 1 Products shall be permitted to be
stored in a general-purpose warehouse without isolation.

7.5.1.2*   Plastic Aerosol 1 Products shall be considered equiva‐
lent to Class III commodities, as defined in NFPA 13.

7.5.1.3   In cases where the storage of Plastic Aerosol 1 Products
is required to be protected, they shall be protected in accord‐
ance with the requirements of NFPA 13.

7.5.1.4   Solid shelving that is installed in racks that contain
Plastic Aerosol 1 Products shall be protected in accordance
with the provisions of NFPA 13.

7.5.2 Fire Protection — Plastic Aerosol X Products.

7.5.2.1   Storage of Plastic Aerosol X Products in occupancies
other than warehouses or mercantile occupancies, such as in
assembly, business, educational, industrial, and institutional
occupancies, shall be permitted up to a maximum of 45 kg
(100 lb) net weight.

7.5.2.2   Solid pile, palletized, or rack storage of Plastic Aerosol
X Products shall be permitted in a general-purpose warehouse
or an aerosol warehouse regardless of protection level up to a
maximum of 115 kg (250 lb).

7.6 Fire Protection System Design Schemes.

7.6.1 Fire Protection System Design Scheme A.

7.6.1.1   Horizontal barriers of plywood having a minimum
thickness of 10 mm (3∕8 in.) or of sheet metal of minimum
22 gauge thickness shall be installed in accordance with Figure
7.6.1.1(a), Figure 7.6.1.1(b), Figure 7.6.1.1(c), or Figure
7.6.1.1(d), whichever is applicable. All aerosol product storage
shall be located beneath a barrier.

7.6.1.2   Aisles between racks shall be 2.4 m (8 ft).

Minimum 2.4 m (8 ft)

between gaps

PLAN VIEW

ELEVATION VIEW

Deflector a maximum of 25 cm

(10 in.) below barrier

= In-rack sprinkler

Maximum 76 mm (3 in.)

gap at uprights

Deflector a minimum of 15 cm (6 in.)

above top of storage

Solid barrier

3 m (10 ft)

maximum

1.2–1.5 m

(4–5 ft)

3 m (10 ft)

maximum

FIGURE 7.6.1.1(a)  Single-Row Rack Sprinkler Layout for
Design Scheme A.
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7.6.1.3   In-rack sprinklers shall be installed in accordance with
Figure 7.6.1.1(a), Figure 7.6.1.1(b), Figure 7.6.1.1(c), or Figure
7.6.1.1(d), whichever is applicable.

7.6.1.4   In-rack sprinklers shall meet the following require‐
ments:

7.6.1.4.1   In-rack sprinklers shall be ordinary temperature–
rated quick-response sprinklers and shall have a nominal K-
factor equal to or greater than 120 L/min/bar

1∕2 (8.0 gpm/
psi

1∕2). Intermediate temperature sprinklers shall be used where
ambient conditions require.

7.6.1.4.2   In-rack sprinklers shall be installed below each
barrier level.

7.6.1.4.3   Aerosol products in metal containers and Plastic
Aerosol 2 Products shall comply with the following:

(1) In-rack sprinklers shall provide a minimum operating
flow of 220 L/min (57 gpm).

(2) For one barrier level, design shall include the hydrauli‐
cally most remote six sprinklers (three on two lines)

(3) For two or more barrier levels, design shall include the
hydraulically most remote eight sprinklers (four on two
lines)

(4) The minimum in-rack sprinkler discharge pressure shall
not be less than a gauge pressure of 0.69 bar (10 psi).

7.6.1.4.4   For Plastic Aerosol 3 products:

(1) In-rack sprinklers shall provide a minimum operating
flow of 220 L/min (57 gpm).

PLAN VIEW

ELEVATION VIEW

Deflector a maximum of 25 cm

(10 in.) below barrier

= In-rack sprinkler

Deflector a minimum of 15 cm (6 in.)

above top of storage

≤300 mm (≤12 in.) from rack face

3 m (10 ft)

maximum

3 m (10 ft)

maximum

Minimum 2.4 m (8 ft)

between gaps

Maximum 76 mm (3 in.)

gap at uprights

Solid barrier

1.2–1.5 m

(4–5 ft)

FIGURE 7.6.1.1(b)  Single-Row Rack Sprinkler Layout for
Design Scheme A.

(2) The design shall include the hydraulically most remote
seven sprinklers on one level in one rack and the most
remote seven sprinklers on one level in the adjacent rack
(14 total in-rack sprinklers).

(3) The minimum in-rack sprinkler discharge pressure shall
not be less than a gauge pressure of 0.69 bar (10 psi).

7.6.1.5   Where adjacent rack bays are not dedicated to storage
of aerosols, the barrier and in-rack sprinkler protection shall be
extended at least 2.4 m (8 ft) beyond the area devoted to aero‐
sol product storage. In addition, barrier and in-rack sprinkler
protection shall be provided for any rack across the aisle within
2.4 m (8 ft) of the perimeter of the aerosol product storage.

7.6.1.6   Ceiling sprinkler demand shall not be included in the
hydraulic calculations for in-rack sprinklers.

7.6.1.7   Water demand at point of supply shall be calculated
separately for in-rack and ceiling sprinklers and shall be based
on the greater demand.

Minimum 2.4 m (8 ft)

between gaps

PLAN VIEW

ELEVATION VIEW

Deflector a maximum of 25 cm

(10 in.) below barrier

= Face sprinkler

Maximum 76 mm (3 in.) gap at uprights

Deflector a minimum of 15 cm (6 in.)

above top of storage

= Longitudinal flue sprinkler

Solid barrier

(no gap at longitudinal flue)

≤300 mm (≤12 in.) from rack face

2.4–3 m

(8–10 ft)

1.2–1.5 m

(4–5 ft)

3 m (10 ft)

maximum

3 m (10 ft)

maximum

FIGURE 7.6.1.1(c)  Double-Row Rack Sprinkler Layout for
Design Scheme A.
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7.6.1.8   Ceiling sprinklers shall meet the following require‐
ments:

(1) Ceiling sprinkler protection shall be designed to protect
the surrounding occupancy.

(2) Any sprinkler type shall be acceptable.
(3) If standard spray sprinklers are used, they shall be capa‐

ble of providing not less than 8 mm/min (0.20 gpm/ft2).
(4) If the aerosol product storage does not extend to the full

height of the rack, protection for commodities stored
above the top horizontal barrier shall meet the require‐
ments of NFPA 13 for the commodities stored, based on
the full height of the rack.

Chapter 8   Mercantile Occupancies

8.1 Plastic Aerosol X Products.   Plastic Aerosol X Products
shall be permitted to be stored in mercantile occupancies up to
a maximum quantity of 45 kg (100 lb) net weight.

8.2 Sales Display Areas — Aerosol Storage Not Exceeding
2.4 m (8 ft) High.

8.2.1   Level 1 Aerosol Products and Plastic Aerosol 1 Products
in sales display areas shall not be limited in quantity.

Δ 8.2.2   When located in sales display areas, Aerosol Cooking
Spray Products in metal containers and Plastic Aerosol Cooking

PLAN VIEW

ELEVATION VIEW

First Barrier Level

Deflector a maximum of 25 cm

(10 in.) below barrier

= In-rack sprinkler

Deflector a minimum of 15 cm

(6 in.) above top of storage

Solid barrier

(no gap at flue)

≤300 mm (≤12 in.) from rack face

3 m (10 ft)

maximum

1.2–1.5 m

(4–5 ft)

FIGURE 7.6.1.1(d)  Multiple-Row Rack Sprinkler Layout for
Design Scheme A.

Spray, Plastic Aerosol 2, Plastic Aerosol 3, and Level 2 and
Level 3 Aerosol Products shall be removed from combustible
cartons or the combustible cartons shall be display-cut, except
as provided for in 8.2.2.1, 8.2.2.2, and 8.2.2.3, respectively.

8.2.2.1   Cartoned Aerosol Cooking Spray Products in metal
containers and Plastic Aerosol Cooking Spray Products shall be
permitted in the sales display area, provided that the area is
protected in accordance with one of the following:

(1) Table 7.3.2.3(a) or Table 7.3.2.3(b)
(2) Paragraph 8.2.3.1

8.2.2.1.1   Protection in accordance with Table 7.4.2.7(a)
through Table 7.4.2.7(l) shall also be permitted for Aerosol
Cooking Spray Products in metal containers and Plastic Aerosol
Cooking Spray Products.

8.2.2.2   Cartoned Level 2 and Level 3 Aerosol Products and
Cartoned Plastic Aerosol 2 Products shall be permitted in the
sales display area, provided that the area is protected in accord‐
ance with one of the following:

(1) Table 7.4.2.7(a) through Table 7.4.2.7(m)
(2) Paragraph 8.2.3.1

8.2.2.3   Cartoned Plastic Aerosol 3 Products shall be permitted
in the sales display area, provided that the area is protected in
accordance with one of the following:

(1) Table 7.4.2.7(m)
(2) Paragraph 8.2.3.1

8.2.3   Aerosol Cooking Spray Products in metal containers and
Plastic Aerosol Cooking Spray, Plastic Aerosol 2, Plastic Aerosol
3, and Level 2 and Level 3 Aerosol Products in sales display
areas shall not exceed the maximum quantities given in 8.2.3.1
and 8.2.3.2 according to the protection provided.

8.2.3.1   In sales display areas that are nonsprinklered or whose
sprinkler system does not meet the requirements of 8.2.3.2, the
total aggregate quantity of Aerosol Cooking Spray Products in
metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, Plastic Aerosol 3, and Level 2 and Level 3 Aerosol
Products shall not exceed 9.8 kg/m2 (2 lb/ft2) of total sales
display area, up to the quantities specified in Table 8.2.3.1.

8.2.3.1.1   No single 3 m × 3 m (10 ft × 10 ft) section of sales
display area shall contain an aggregate quantity of more than
454 kg (1000 lb) net weight of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, Plastic Aerosol 3, and Level 2 and Level 3 Aerosol
Products.

Δ Table 8.2.3.1 Maximum Quantity per Floor of Aerosol
Cooking Spray Products in Metal Containers and Plastic
Aerosol Cooking Spray, Plastic Aerosol 2, Plastic Aerosol 3, and
Level 2 and Level 3 Aerosol Products

 Maximum Net Weight per Floor

Floor kg lb

Basement Not Permitted
Ground 1135 2500
Upper 227 500
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8.2.3.2   In sales display areas that are sprinklered in accord‐
ance with NFPA 13 for at least ordinary hazard (Group 2) occu‐
pancies, the total aggregate quantity of Aerosol Cooking Spray
Products in metal containers and Plastic Aerosol Cooking
Spray, Plastic Aerosol 2, Plastic Aerosol 3, and Level 2 and
Level 3 Aerosol Products shall not exceed 9.8 kg/m2 (2 lb/ft2)
of total sales display area.

8.2.3.2.1   No single 3 m × 3 m (10 ft × 10 ft) section of sales
display area shall contain an aggregate quantity of more than
454 kg (1000 lb) net weight of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, Plastic Aerosol 3, and Level 2 and Level 3 Aerosol
Products.

8.2.4   Aerosol Cooking Spray Products in metal containers and
Plastic Aerosol Cooking Spray, Plastic Aerosol 2, Plastic Aerosol
3, and Level 2 and Level 3 Aerosol Products shall be securely
stacked to not more than 1.8 m (6 ft) high from base to top of
the storage array unless on fixed shelving.

8.2.4.1   Shelving shall be of stable construction, and storage
shall not exceed 2.4 m (8 ft) in height.

8.3 Sales Display Areas — Aerosol Storage Exceeding 2.4 m
(8 ft) High.

8.3.1   Storage and display of Level 1 Aerosol Products and Plas‐
tic Aerosol 1 Products in sales display areas shall not be limited.

8.3.2   Uncartoned or display-cut (case-cut) Aerosol Cooking
Spray Products in metal containers and Plastic Aerosol Cooking
Spray, Plastic Aerosol 2, Plastic Aerosol 3, and Level 2 and
Level 3 Aerosol Products that are stored for display no more
than 1.8 m (6 ft) above the floor shall be permitted where
protection is installed in accordance with 8.3.3, based on the
highest level of aerosol product in the array and the packaging
method of the storage above 1.8 m (6 ft).

8.3.3 Protection.

8.3.3.1   The storage and display of Aerosol Cooking Spray
Products in metal containers, Plastic Aerosol Cooking Spray,
and Plastic Aerosol 2 Products shall be protected in accordance
with Table 7.3.2.3(a) or Table 7.3.2.3(b) or shall be protected
in accordance with Table 7.4.2.7(a) through Table 7.4.2.7(l).
The storage and display of Level 2 and Level 3 Aerosol Prod‐
ucts in metal containers or plastic or glass containers 118 ml (4
fl oz) or less shall be protected in accordance with Table
7.4.2.7(a) through Table 7.4.2.7(l), whichever is applicable.

8.3.3.1.1   Where in-rack sprinklers are required by Table
7.4.2.7(e) through Table 7.4.2.7(l) and where the Aerosol
Cooking Spray Products in metal containers and Plastic Aerosol
Cooking Spray, Plastic Aerosol 2, and Level 2 and Level 3 Aero‐
sol Products are stored for display below the 1.8 m (6 ft) level,
the first tier of in-rack sprinklers shall be installed above the
display, but not more than 1.8 m (6 ft) above the floor level.

8.3.3.1.2   The storage of Plastic Aerosol 3 Products shall be
protected in accordance with Table 7.4.2.7(m) and where this
product is stored for display below the 1.8 m (6 ft) level, the
first tier of in-rack sprinklers and barrier shall be installed
above the display, but not more than 2.4 m (8 ft) above the
floor level.

8.3.3.2   Noncombustible draft curtains shall extend down a
minimum of 0.61 m (2 ft) from the ceiling and shall be in‐

stalled at the interface between ordinary and high-temperature
sprinklers.

8.3.4   Storage and display of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, Plastic Aerosol 3, and Level 2 and Level 3 Aerosol
Products shall not exceed 4540 kg (10,000 lb) net weight
within any 2323 m2 (25,000 ft2) of sales display area.

8.3.4.1   Aerosol Cooking Spray Products in metal containers
and Plastic Aerosol Cooking Spray, Plastic Aerosol 2, Plastic
Aerosol 3, and Level 2 and Level 3 Aerosol Product display
areas shall be separated from each other by a minimum of
7.6 m (25 ft).

8.3.5   The area of the design for the required ceiling sprinkler
system shall extend 6 m (20 ft) beyond the area devoted to stor‐
age of Aerosol Cooking Spray Products in metal containers and
Plastic Aerosol Cooking Spray, Plastic Aerosol 2, Plastic Aerosol
3, and Level 2 and Level 3 Aerosol Products.

8.3.6   Storage and display of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, Plastic Aerosol 3, and Level 2 and Level 3 Aerosol
Products shall be separated from the storage of ignitible (flam‐
mable and combustible) liquids by a minimum distance of
7.6 m (25 ft) or by a segregating wall or noncombustible
barrier.

8.3.6.1   Where Aerosol Cooking Spray Products in metal
containers and Plastic Aerosol Cooking Spray, Plastic Aerosol 2,
Plastic Aerosol 3, and Level 2 and Level 3 Aerosol Products are
stored within 7.6 m (25 ft) of ignitible (flammable and combus‐
tible liquids), the area beneath the noncombustible barrier
shall be liquidtight at the floor to prevent spilled liquids from
flowing beneath the aerosol products.

8.3.7   The sales display area shall meet the requirements for
mercantile occupancies in NFPA 101.

8.4 Back Stock Storage Areas.

8.4.1   Where back stock areas are separated from sales display
areas by construction having a minimum 1-hour fire resistance
rating, storage of Aerosol Cooking Spray Products in metal
containers and Plastic Aerosol Cooking Spray, Plastic Aerosol 2,
Plastic Aerosol 3, and Level 2 and Level 3 Aerosol Products
shall meet the requirements of Chapter 7.

8.4.2   Where back stock areas are not separated from sales
display areas by construction having a minimum 1-hour fire
resistance rating, the quantity of Aerosol Cooking Spray Prod‐
ucts in metal containers and Plastic Aerosol Cooking Spray,
Plastic Aerosol 2, Plastic Aerosol 3, and Level 2 and Level
3 Aerosol Products in back stock areas shall be included in the
total allowable quantities specified in 8.2.3 or 8.3.4.

8.4.2.1   Protection shall be provided in accordance with 8.3.3.

8.4.3   An additional quantity of Aerosol Cooking Spray Prod‐
ucts in metal containers and Plastic Aerosol Cooking Spray,
Plastic Aerosol 2, Plastic Aerosol 3, and Level 2 and Level
3 Aerosol Products, up to a maximum of 227 kg (500 lb) net
weight, shall be permitted in back stock areas where the addi‐
tional quantities are stored in flammable liquid storage cabi‐
nets that meet the requirements of Section 9.5 of NFPA 30.

8.4.4   Storage of Aerosol Cooking Spray Products in metal
containers and Plastic Aerosol Cooking Spray, Plastic Aerosol 2,
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Plastic Aerosol 3, and Level 2 and Level 3 Aerosol Products in
separate, inside flammable liquids storage rooms shall meet the
requirements of 7.4.7.

8.5 Special Protection Design.

Δ 8.5.1   The storage and display in double-row racks of Aerosol
Cooking Spray Products in metal containers and Plastic Aerosol
Cooking Spray, Plastic Aerosol 2, and Level 2 and Level 3 Aero‐
sol Products shall be in accordance with Table 8.5.1, Figure
8.5.1,8.3.3.2, 8.3.4, and as prescribed by the protection design
methodology in Section 8.5.

8.5.2   Storage and display of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, and Level 2 and Level 3 Aerosol Products shall be in
cartons.

8.5.2.1   Containers of Aerosol Cooking Spray Products in
metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, and Level 2 and Level 3 Aerosol Products that are
stored or displayed no more than 2.4 m (8 ft) above the floor
shall be permitted to be uncartoned or in display-cut cartons.

8.5.3   Storage and display of Aerosol Cooking Spray Products
in metal containers and Plastic Aerosol Cooking Spray, Plastic
Aerosol 2, and Level 2 and Level 3 Aerosol Products shall be on
open racks or wire mesh shelves.

8.5.4   Rack storage shall be arranged so that a minimum aisle
width of 2.3 m (7.5 ft) is maintained between rows of rack and
adjacent solid-piled or palletized storage.

8.5.5   Nominal 76 mm (3 in.) transverse flue spaces at rack
uprights and nominal 152 mm (6 in.) longitudinal flue spaces
shall be provided.

8.5.6   Horizontal barriers of plywood [minimum 10 mm
(3∕8 in.) thickness] or sheet metal (minimum 22 gauge) and in-
rack sprinklers shall be installed in accordance with Table 8.5.1
and Figure 8.5.1.

8.5.6.1   For double-row racks with aerosol product storage on
only one side, the horizontal barrier shall extend over the
longitudinal flue space in accordance with Plan View 2 of
Figure 8.5.1.

8.5.7   Ordinary combustibles (Classes I, II, III, and IV
commodities and plastic commodities) shall be permitted to be
stored adjacent to Aerosol Cooking Spray Products in metal
containers and Plastic Aerosol Cooking Spray, Plastic Aerosol 2,
and Level 2 and Level 3 Aerosol Products, provided that the
ordinary combustibles are protected in accordance with
NFPA 13.

8.5.8   Ignitible (flammable and combustible) liquids (NFPA 30
Classes IB, IC, II, IIIA, and IIIB) in 3.8 L (1 gal) metal relieving
and nonrelieving style containers and 19 L (5 gal) metal reliev‐
ing style containers shall be permitted to be stored adjacent to
Aerosol Cooking Spray Products in metal containers and Plastic
Aerosol Cooking Spray, Plastic Aerosol 2, and Level 2 and Level
3 Aerosol Products (see Figure 8.5.1), provided that the sprinkler
protection for the ignitible (flammable and combustible)
liquids is in accordance with Chapter 16 of NFPA 30.

8.5.9   The ordinary-temperature design criteria correspond to
ordinary-temperature-rated sprinklers and shall be used for
sprinklers with ordinary- and intermediate-temperature classifi‐
cation.

Δ Table 8.5.1 Protection of Single, Double-Row Display/Rack Storage of Aerosol Cooking Spray Products in Metal Containers and
Plastic Aerosol Cooking Spray, Plastic Aerosol 2, and Level 2 and Level 3 Aerosol Products with In-Rack Sprinklers

Maximum
Ceiling
Height

Maximum
Storage
Height

Ceiling Sprinkler
Type and

Arrangement

Clearance
Storage to
Sprinklers Ceiling Design

In-Rack Sprinkler Type and
Arrangement In-Rack Design

Duration
(hr)

9.1 m (30 ft) 4.8 m 
(16 ft)

ESFR K=360
(K = 25.2), 
ordinary 
temperature, 
9.3 m2 (100 ft2) 
maximum 
spacing

Up to 
4.6 m 
(15 ft)

12 sprinklers 
@103 kPa 
(15 psi)

Quick-response, ordinary 
temperature, K=160 (K = 
11.2) orifice size pendent 
sprinklers, maximum 
127 mm (50 in.) on 
center spacing located 
2.4 m (8 ft) above floor at 
each rack face and in 
longitudinal flue space, if 
a double- row rack. A 
barrier shall be located 
directly over level of in-
rack sprinklers.

212 L/min 
(56 gpm) 
per 
sprinkler 
minimum 
based on 
operation of 
hydraulically
 most 
remote 12 
sprinklers

2

ESFR K=200
(K = 14) 
ordinary 
temperature, 
9.3 m2 (100 ft2) 
maximum 
spacing

12 sprinklers 
@ 345 kPa 
(50 psi)

Note: Minimum 0.7 bar (10 psi) for in-rack sprinkler design pressure.
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Solid barrier (extends over longitudinal flue)

1270 mm (50 in.) (max)

Solid barrier (extends over longitudinal flue)

1270 mm (50 in.) (max)

2.25 m
(7.5 ft)
(max)

4.8 m
(16 ft)
(max)

2.4 m
(8 ft)

cartoned

2.4 m
(8 ft)

cartoned or
uncartoned

C

C

C

C

A

A

A

A

A

A

A

A

0 mm – 76 mm
(0 in. – 3 in.) gap at uprights

0 mm – 76 mm
(0 in. – 3 in.) gap at uprights

Plan View 1 (Aerosols on both sides of double-row rack)

Plan View 2 (Aerosols on one side of double-row rack)

Elevation View

Solid barrier

Deflector
a minimum
of 76 mm
(3 in.)
above top
of storage

2.25 m
(7.5 ft)
(max)

C

CCCCCC

CA A A A

A

C

In-rack sprinkler

Continue in-rack sprinklers for protection of ignitible

(flammable and combustible) liquids

Level 2 and Level 3 aerosols

Ignitible (flammable and combustible) liquids and ordinary

combustibles (See 8.5.7 and 8.5.8.)

Δ FIGURE 8.5.1  Special Protection for Aerosol Cooking Spray
Products in Metal Containers and Plastic Aerosol Cooking
Spray, Plastic Aerosol 2, and Level 2 and Level 3 Aerosol
Products in Double-Row Racks.

Chapter 9   Operations and Maintenance

9.1 Means of Egress.   Means of egress and exits shall be main‐
tained in accordance with NFPA 101.

9.2 Powered Industrial Trucks.

9.2.1   The use and selection of powered industrial trucks shall
comply with NFPA 505.

9.2.2   Only trained and authorized operators shall be allowed
to operate powered industrial trucks.

9.2.3   Operator training shall be equivalent to that specified by
ANSI/ASME B56.1, Safety Standard for Low-Lift and High-Lift
Trucks.

9.2.4 Loads.

9.2.4.1   If the type of load handled presents a hazard of back‐
ward falls, the powered industrial truck shall be equipped with
a vertical load backrest extension.

9.2.4.2   For loads that are elevated above the mast of the truck,
the backrest extension shall reach at least halfway into the
uppermost pallet load.

9.3 Control of Ignition Sources.

9.3.1 Sources of Ignition.

9.3.1.1   In areas where flammable gases or flammable vapors
might be present, precautions shall be taken to prevent igni‐
tion by eliminating or controlling sources of ignition. Sources
of ignition include, but are not limited to, the following:

(1) Open flames
(2) Lightning
(3) Hot surfaces
(4) Radiant heat
(5) Smoking
(6) Cutting and welding
(7) Spontaneous ignition
(8) Frictional heat or sparks
(9) Static electricity

(10) Electrical arcs and sparks
(11) Stray currents
(12) Ovens, furnaces, and other heating equipment
(13) Automotive vehicles
(14) Material-handling equipment

9.3.2   Smoking shall be strictly prohibited, except in designa‐
ted smoking areas.

9.3.3*   Welding, cutting, and similar spark-producing opera‐
tions shall not be permitted in areas that contain aerosol prod‐
ucts, until a written permit authorizing the work has been
issued.

9.3.3.1   The permit shall be issued by a person in authority
following an inspection of the area to assure that proper
precautions have been taken and will be followed until comple‐
tion of the work.

9.4 Aisles.   Storage in aisles shall be prohibited so as to permit
access for firefighting, salvage, and removal of stored commodi‐
ties.

9.5 Waste Disposal and Recycling.

9.5.1   This section shall apply to aerosol product manufactur‐
ing sites and provides requirements for the disposal and recla‐
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mation of aerosol products from the production process that
contain ignitible (flammable or combustible) base products or
Class I liquid propellants.

9.5.1.1   Damaged, leaking, or out-of-spec aerosol products
shall be disposed of in a safe manner, in accordance with appli‐
cable laws and regulations.

N 9.5.1.2 Storage and Handling of Reject Aerosol Products.

N 9.5.1.2.1   Storage of reject aerosol products shall be limited to
the amount allowed by applicable laws and regulations.

N 9.5.1.2.2   When collected, filled aerosol product containers
shall be discarded into static-dissipative receptacles located
near the point of generation.

N 9.5.1.2.2.1   Satellite receptacles shall be grounded and
bonded.

N 9.5.1.2.3   The general ventilation at a reject aerosol product
storage location shall be sufficient to permit the safe storage of
leaking aerosol products prior to their disposal. (See Section 6.4
for calculation of proper ventilation rates.)

N 9.5.1.2.4   Storage areas for reject aerosol products shall
comply with the requirements in 9.5.1.2.4.1 through 9.5.1.2.4.5
in order of preference.

N 9.5.1.2.4.1   All storage of pressurized aerosol products shall
conform with the requirements of NFPA 30B.

N 9.5.1.2.4.2   All storage of unpressurized aerosol containers
with ignitable (flammable or combustible) liquids shall
conform with the requirements of NFPA 30.

N 9.5.1.2.4.3   Areas within 5 m (15 ft) of outdoor storage shall
have an electrical classification of NEC Class I, Division 2, or
Zone 2, per NFPA 70.

N 9.5.1.2.4.4   Indoor storage areas shall have an electrical classifi‐
cation of NEC Class I, Division 1, or Zone 1, in accordance with
Articles 500, 501, 504, and 505 of NFPA 70.

N 9.5.1.2.4.5   The storage area shall be separate from any struc‐
ture, property line, or roadway by a minimum of 8 m (25 ft).

N 9.5.1.3 Location and Construction of an Enclosed Aerosol
Product Evacuation Facility.

N 9.5.1.3.1   An aerosol product evacuation facility shall conform
with design requirements for a propellant charging room. (See
Chapter 6.)

N 9.5.1.3.2   Physical location and construction details for an
aerosol product evacuation facility shall conform with those of
the propellant charging room.

N 9.5.1.3.3   The room in which the equipment is installed shall
be furnished with general exhaust and replacement air to
ensure that any vapors that escape from the equipment are
diluted and removed from the room.

N 9.5.1.3.3.1   All reject aerosol product evacuation and reclama‐
tion equipment shall be designed to minimize gas emissions.

N 9.5.1.3.3.2   Ventilation calculations shall be performed in the
same manner as those for aerosol filling equipment in order to
dilute emissions to a safe level. (See Section 6.4.)

N 9.5.1.3.4   An enclosed aerosol evacuation facility shall be
equipped with a combustible gas detection system that
conforms to the requirements of Section 6.7.

N 9.5.1.3.5   Electrical equipment and wiring in an enclosed aero‐
sol evacuation facility shall conform with Sections 6.5 and 6.6.

N 9.5.1.3.6   Fire protection systems shall be provided for an
enclosed aerosol evacuation facility that conforms to the
requirements of 6.8.1 and Sections 6.9 and 6.11.

N 9.5.1.3.7   Building construction for an enclosed aerosol evacu‐
ation facility shall conform with Section 6.3.

N 9.5.1.3.8   Flooring in the aerosol product evacuation facility
shall have a nonsparking, static-dissipating chemically resistant
coating.

N 9.5.1.3.9   Spill control for an enclosed aerosol evacuation
facility shall conform with the requirements of Section 6.10.

N 9.5.1.4 Aerosol Product Evacuation Equipment.

N 9.5.1.4.1*   Aerosol product evacuation equipment shall be
capable of separating propellants from concentrates and
capturing flammable aerosol propellants for recycling or
disposal.

N 9.5.1.4.1.1   Equipment that releases propellants to the atmos‐
phere shall have the approval of the AHJ and be designed in a
manner compliant with applicable regulations.

N 9.5.1.4.2   Rupturing of aerosol product containers and evacua‐
tion of aerosol products shall occur while units are completely
contained and enclosed in the equipment.

N 9.5.1.4.3   Class I liquid propellants shall be handled according
to NFPA 30.

N 9.5.1.4.4   Aerosol product evacuation equipment that reclaims
propellants shall comply with 9.5.1.4.4.1 through 9.5.1.4.4.4.

N 9.5.1.4.4.1   The equipment shall be tested on a preventative
maintenance schedule according to the equipment manufac‐
turer’s specification to verify system integrity in compliance
with Section 9.6.

N 9.5.1.4.4.2   Equipment control interlocks shall conform with
Section 6.12.

N 9.5.1.4.4.3   Pressure shall be monitored to ensure safe opera‐
tion within the limits of the equipment manufacturer’s specifi‐
cations.

N 9.5.1.4.4.4   Pressure-relieving devices and interlocks shall be
provided.

N 9.5.1.4.4.5   Aerosol product evacuation equipment that relea‐
ses propellants to the atmosphere shall comply with
9.5.1.4.4.5(A) and 9.5.1.4.4.5(B).

N (A)*   Equipment shall be designed to ensure that flammable
atmospheres are controlled and contained within the equip‐
ment.

N (B)   Ventilation, processing rates, and exhaust discharge stacks
shall follow the requirements of Section 6.4.

N 9.5.1.5 Operational Considerations and Process Documenta‐
tion.   All operators shall be trained in standard operating
procedures, emergency response procedures, and hazardous
and flammable material handling.

You are prohibited from printing any part of this document through this viewer. This includes third-party applications, screen grabbers and/or print-screen functions.

Printed / viewed by: [anon.user@ucd.ie] @ 2025-02

Further reproduction, distribution, storage or use on a network is prohibited.

Copyrighted material licensed to Intertek Inform^University College Dublin.



ANNEX A 30B-49

Shaded text = Revisions. Δ = Text deletions and figure/table revisions. • = Section deletions. N  = New material. 2023 Edition

9.5.2   This section shall apply to storage sites engaged in the
disposal and reclamation of aerosol products.

9.5.2.1   Damaged or leaking aerosol products shall be separa‐
ted from other materials and trash.

N 9.5.2.1.1   Aerosol products that show evidence of damage or
leakage shall be packaged in a separate closed container or
overpacked with absorbents.

N 9.5.2.2   Aerosol products collected from filled or partially
filled containers shall be discarded into static-dissipative recep‐
tacles.

N 9.5.2.2.1   The receptacles in 9.5.2.2 shall be grounded and
bonded.

N 9.5.2.3   Filled or partially filled aerosol product containers
shall not be punctured and drained unless done so in either a
commercial device specifically designed for these purposes, or
a device custom designed or retrofitted for these purposes in
accordance with all applicable codes and standards.

N 9.5.2.3.1   Devices shall puncture filled or partially filled aero‐
sol product containers as specified in 9.5.2.3.2.

N 9.5.2.3.2   The device shall have written procedures detailing
how to safely puncture and drain aerosol product containers.

N 9.5.2.3.3   Devices shall effectively contain the residual contents
as well as any emissions from the puncturing and draining
activities.

N 9.5.2.3.4   A maintenance program shall be developed and
followed to ensure proper performance of the device.

N 9.5.2.3.5   Filled or partially filled aerosol product containers
shall not be disposed of in compactors, balers, or incinerators
that are not designed specifically to handle aerosol waste.

9.6* Inspection and Maintenance.

9.6.1   A written and documented preventive maintenance
program shall be developed for equipment, machinery, and
processes that are critical to fire-safe operation of the facility.

9.6.2   Critical detection systems and their components, emer‐
gency trips and interlocks, alarms, and safety shutdown systems
shall be inspected on a regularly scheduled basis, and any defi‐
ciencies shall be immediately corrected.

9.6.2.1   Items in this inspection schedule shall include, but are
not limited to, the following:

(1) Gas detection systems
(2) Deflagration suppression systems
(3) Deflagration vent systems
(4) Ventilation and local exhaust systems
(5) Propellant charging room door interlocks
(6) Process safety devices
(7) Fire alarm systems

9.6.3 Maintenance.   [68:11.10]

9.6.3.1   Vent closure maintenance shall be performed after
every act of nature or process upset condition to ensure that
the closure has not been physically damaged and there are no
obstructions including but not limited to snow, ice, water, mud,
or process material that could lessen or impair the efficiency of
the vent closure. [68:11.10.1]

9.6.3.2   An inspection shall be performed in accordance with
11.4.4 of NFPA 68 after every process maintenance turnaround.
[68:11.10.2]

9.6.3.3   If process material has a tendency to adhere to the
vent closure, the vent closure shall be cleaned periodically to
maintain vent efficiency. [68:11.10.3]

9.6.3.4   Process interlocks, if provided, shall be verified.
[68:11.10.4]

9.6.3.5   Known potential ignition sources shall be inspected
and maintained. [68:11.10.5]

9.6.3.6   Records shall be kept of any maintenance and repairs
performed. [68:11.10.6]

9.7* Static Electricity.   All process equipment and piping
involved in the transfer of flammable liquids or gases shall be
connected to a static-dissipating earth ground system to
prevent accumulations of static charge.

Annex A   Explanatory Material

Annex A is not a part of the requirements of this NFPA document but is
included for informational purposes only. This annex contains explan‐
atory material, numbered to correspond with the applicable text para‐
graphs.

A.1.1.2   For products that do not meet this requirement, see
NFPA 55 and NFPA 58.

A.1.1.4   This code does not apply to products that can be
dispensed as aerosolized sprays that are not packaged in aero‐
sol containers as defined in 3.3.1. This code is not applicable to
other applications such as industrial spray adhesives that are
dispensed from large [18.9 L–475 L (5–125 gal)] pressurized
gas cylinders. There is no assurance that the protection speci‐
fied in this code will be adequate.

A.1.2   This code provides minimum acceptable requirements
for fire prevention and protection in facilities that manufacture
and store aerosol products and in mercantile occupancies
where aerosol products are displayed and sold. As explained in
A.6.1, the hazards presented by each stage of the manufactur‐
ing process will vary, depending on the flammability of the base
product and on the flammability of the propellant. Considera‐
ble judgment will be required of the designer and of the
authority having jurisdiction to provide an adequate level of
fire protection. (See also Annex B, Mechanism of Fire Growth in
Aerosol Containers.)

A.1.4   This section should not be interpreted as discouraging
the upgrading of existing aerosol product manufacturing or
storage facilities. Improvements to fire protection systems in
existing facilities should be allowed without requiring retroac‐
tive compliance with all of the requirements of this code. It is
the intent of this code, however, that major renovations to such
a facility should meet, to the greatest extent practical, the
requirements of this code.

Δ A.3.2.1 Approved.   The National Fire Protection Association
does not approve, inspect, or certify any installations, proce‐
dures, equipment, or materials nor does it approve or evaluate
testing laboratories. In determining the acceptability of installa‐
tions or procedures, equipment, or materials, the “authority
having jurisdiction” may base acceptance on compliance with
NFPA or other appropriate standards. In the absence of such
standards, said authority may require evidence of proper instal‐
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lation, procedure, or use. The “authority having jurisdiction”
may also refer to the listings or labeling practices of an organi‐
zation that is concerned with product evaluations and is thus in
a position to determine compliance with appropriate standards
for the current production of listed items.

A.3.2.2 Authority Having Jurisdiction (AHJ).   The phrase
“authority having jurisdiction,” or its acronym AHJ, is used in
NFPA standards in a broad manner because jurisdictions and
approval agencies vary, as do their responsibilities. Where
public safety is primary, the authority having jurisdiction may
be a federal, state, local, or other regional department or indi‐
vidual such as a fire chief; fire marshal; chief of a fire preven‐
tion bureau, labor department, or health department; building
official; electrical inspector; or others having statutory author‐
ity. For insurance purposes, an insurance inspection depart‐
ment, rating bureau, or other insurance company
representative may be the authority having jurisdiction. In
many circumstances, the property owner or his or her designa‐
ted agent assumes the role of the authority having jurisdiction;
at government installations, the commanding officer or depart‐
mental official may be the authority having jurisdiction.

A.3.2.3 Code.   The decision to designate a standard as a
“code” is based on such factors as the size and scope of the
NFPA standard, its intended use and form of adoption, and
whether it contains substantial enforcement and administrative
provisions.

A.3.2.4 Listed.   The means for identifying listed equipment
may vary for each organization concerned with product evalua‐
tion; some organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction
should utilize the system employed by the listing organization
to identify a listed product.

A.3.3.1 Aerosol Container.   Maximum sizes, minimum
strengths, and other critical limitations for aerosol containers
are set by the U.S. Department of Transportation (49 CFR).
These regulations ensure that aerosol products can be safely
transported in interstate commerce. Aerosol products are
generally classified as Other Regulated Materials — Class D
(ORM-D). A cutaway drawing of a typical aerosol container is
shown in Figure A.3.3.1. Labeling of aerosol products, includ‐
ing precautionary language for flammability and other hazards,
is regulated by a number of federal authorities, including the
Consumer Product Safety Commission, the Food and Drug
Administration, the Environmental Protection Agency, the
Occupational Safety and Health Administration, and the
Federal Trade Commission.

Additional information on the labeling of aerosol products is
given in Annex F, Flammability Labeling of Aerosol Products.

A.3.3.2 Aerosol Products.   The base product can be dispensed
from the container in such form as a mist, spray, foam, gel, or
aerated powder.

A.3.3.4 Aerosol Valve.   The product can be dispensed continu‐
ously or as a metered dose. Examples include liquid, gas, foam,
paste, powder, or gel.

A.3.3.5 Aisle Width.   See Figure A.3.3.5. [13, 2022]

A.3.3.7 Base Product (Concentrate).   The base product
contains the active ingredient of the aerosol product.

A.3.3.11 Cold Filling.   Reprinted with permission from ASTM
D3064, Standard Terminology Relating to Aerosol Products.

N A.3.3.13 Compartmented Container.   Examples of compart‐
mented containers include, but are not limited to, bag-in-can
(BIC), bag-on-valve (BOV), and piston aerosol products.

Figure A.3.3.13 One Type of Compartmented Aerosol
Container (Cutaway View) with Bag-On-Valve (BOV). A flexible
bag (4) is sealed on a valve at (5) and contains the product.
Propellant on the outside of the bag pushes on the bag and
forces product (3) out of the hole in the valve (2) when the
plunger (1) is depressed.

A.3.3.15 Encapsulation.   Totally noncombustible commodities
on wood pallets enclosed only by a plastic sheet as described
are not covered under this definition. Banding (i.e., stretch-
wrapping around the sides only of a pallet load) is not consid‐
ered to be encapsulation. Where there are holes or voids in the
plastic or waterproof cover on the top of the carton that exceed
more than half the area of the cover, the term encapsulated does
not apply. The term encapsulated does not apply to plastic-
enclosed products or packages inside a large, nonplastic,
enclosed container. [13, 2022]

1

2

3

FIGURE A.3.3.1  One Type of Aerosol Container (Cutaway
View). When the plunger (1) is pressed, a hole in the valve (2)
allows a pressurized mixture of product and propellant (3) to
flow through the plunger’s exit orifice. [Source: Fire Protection
Handbook, 20th edition]

Aisle width

Plan View

Aisle 

width

End View

FIGURE A.3.3.5  Illustration of Aisle Width. [13:Figure
A.3.3.4]
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A.3.3.16 Face Sprinklers.   All face sprinklers should be located
within the rack structure. The flue spaces are generally created
by the arrangement of the racks, and “walkways” should not be
considered flue spaces. [13, 2022]

A.3.3.18 Flammable Propellant.   Examples of flammable
liquefied gas propellants include hydrocarbon propellants
(e.g., butane, isobutane, propane, pentane, and isopentane),
dimethyl ether (DME), hydrofluorocarbon 152a, and various
blends of these gases. Examples of nonflammable liquefied gas
propellants include hydrofluorocarbon 134a and hydrofluoro‐
olefin 1234ze. Examples of nonflammable compressed or solu‐
ble gas propellants might include carbon dioxide (CO2),
nitrous oxide (N2O), nitrogen (N2), compressed air (CAIR),
and argon (Ar). Systems that generate a propellant gas are
included in this definition.

Note: Extreme care should be taken when switching between
nitrous oxide (N2O) and flammable propellants. Mixtures of
nitrous oxide and flammable propellants are potentially explo‐
sive. The propellants should be supplied to the filling machine

3

2

1

5

4

N FIGURE A.3.3.13  One Type of Compartmented Aerosol
Container (Cutaway View) with Bag-On-Valve (BOV).

with separate piping systems. The filling apparatus and any
associated piping must be cleaned per CGA G-4.1, Cleaning
Equipment for Oxygen Service, before switching to nitrous oxide.

A.3.3.26 Longitudinal Flue Space.   See Figure A.3.3.26. [13,
2022]

A.3.3.28 Net Weight.   Label weight should always be used for
calculation of total net weight. When dealing with limited
quantities of aerosol products, the total net weight is the sum of
the individual container net weights.

For example, if a small retail display area contains 100 198-g
(100 7-oz) containers, 100 284-g (140 10-oz) containers, and
100 454-g (180 16-oz) containers, the total net weight is calcula‐
ted as follows:
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[A.3.3.28a]

Conventional
pallet

Commodity

Floor

Section View End View

Longitudinal
flue space

Plan View

Longitudinal
flue space

Rows of storage

Possible   transverse   flue   spaces

Δ FIGURE A.3.3.26  Typical Double-Row (Back-to-Back) Rack
Arrangement. [13:Figure A.3.3.122]
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When dealing with larger quantities of product, the number
of cases per pallet and the number of units per case also enter
into the calculation.

For example, if a general-purpose warehouse contains 20
pallets of a product with a label weight of 340 g (12 oz), and
there are 12 units per case, and 75 cases per pallet, the total net
weight calculation is as follows:

340 g/unit

1000 g/kg
   units/case  75 cases/pallet

     

× ×12

               20 pallets  kg

12 oz/unit

16 oz/lb
   

× =

×

6120

12 uunits/case  75 cases/pallet

                   20 pallet

×

× ss  lb=















13 500,

A.3.3.33 Rack.   For additional information, see NFPA 13.

A.3.3.33.5 Single-Row Racks.   When a narrow rack with a
depth less than or equal to 1.5 m (5 ft) is located within
600 mm (24 in.) of a wall, it is considered to have a longitudi‐
nal flue and is treated as a double-row rack.

A.3.3.37 Solid Shelving.   The placement of loads affects the
calculated area of the shelf. It is the intent to apply this defini‐
tion to loads on the rack where 150 mm (6 in.) nominal flues
are not provided on all four sides, regardless of whether shelv‐
ing materials are present.

A.3.3.38 Transverse Flue Space.   See Figure A.3.3.26.

A.3.4.2 Button Tipper (Actuator Placer).   This operation
sometimes releases small quantities of the container contents
to the atmosphere.

A.3.4.7 Propellant Charging Room (Gas House, Gassing
Room).   The customary arrangement of equipment in a
propellant charging room includes one or two propellant fill‐
ers and a high pressure propellant charging pump(s), if
required. Occasionally, the vacuum pump will also be located
in the propellant charging room, especially if one of the
propellant fillers is an under-the-cup filler. The fillers have
guard enclosures to prevent operator contact with mechanical
hazards of the machine and to also protect from flying debris if
a can ruptures or is thrown from the machine by a jam.

The filling machine enclosure is normally constructed of a
permeable material, such as wire mesh, of sufficient strength to
confine debris or loose cans, as necessary, but will allow
complete ventilation of the machine. The wire mesh design
works in conjunction with the propellant charging room venti‐
lation system to completely dilute and remove propellant
routinely released at the point where the filling head disen‐
gages from the aerosol container. It also allows propellant from
incidental leaks on the machine to be swept into the ventilation
stream and safely removed. In addition, the wire mesh allows
the propellant charging room deflagration detection and
suppression system to function effectively, since it does not
block detection of the deflagration and the distribution of the
suppression media.

Local ventilation can be provided at the head/container
disengagement point to more efficiently remove propellant

 
[A.3.3.28b]

vapors at the source of release. See 6.4.2 to determine ventila‐
tion rate requirements. Local ventilation can replace up to
75 percent of the required ventilation for the propellant charg‐
ing room; however, the propellant charging room ventilation is
not permitted to be less than one air change per minute.

The basic requirements of this code pertain to this custom‐
ary arrangement and design of the propellant charging room
and associated equipment. Further design considerations are
possible, but will require the application of sound design prin‐
ciples, testing, and technical documentation approved by the
authority having jurisdiction to ensure safe operation. One
example of further design considerations that fall outside of
the basic requirements of this code is a propellant filling
machine guard enclosure constructed of nonpermeable materi‐
als. Design consideration for such an arrangement should
include proper ventilation and gas detection within the enclo‐
sure to prevent accumulation of propellant above safe LEL
percentage limits, deflagration venting that does not endanger
the operator, deflagration detection and suppression within the
enclosure, and damage-limiting construction to prevent violent
rupture of the enclosure in the event of a deflagration. In small
enclosures, even suppressed deflagrations can result in signifi‐
cant pressure build-up due to the ratio of the volume of
expanding gases with respect to the volume of the enclosed
space, plus the added volume of the suppression media and
compressed gas.

A.3.4.8 Propellant Filler (Gasser, Propellant Charger).   Typi‐
cally, it is one of two types: one adds the propellant through the
crimped valve assembly; the other adds the propellant around
the uncrimped valve assembly. The propellant is either a liquid,
a gas, or both, during this filling operation.

A.3.4.13 Tank Farm Transfer Pump.   Normal pump pressure
is 100 kPa to 690 kPa (15 psi to 100 psi) above the propellant’s
vapor pressure.

A.3.4.14 Test Bath (Hot Tank, Water Bath).   The test might be
required by the U.S. Department of Transportation (49 CFR)
to verify container strength and to detect leaks. Usually, the
containers are heated to attain a pressure that is equal to the
product’s pressure at an equilibrium temperature.

A.4.2   Tests have shown that aerosol products in plastic
containers with a heat of combustion of 10.5 kJ/g have been
adequately protected as determined by fire tests. See Annex C
for a description of the testing of aerosol products in plastic
containers. (See also Annex E for information on determining the
classification level of aerosol products in metal containers.)

A.4.3.1(3)   Fire testing with alcohol and water at this percent‐
age in plastic bottles has been successful. Small-scale burn tests
of aerosol products in plastic containers have shown the aero‐
sol with a nonflammable propellant to behave the same as the
aerosol with no propellant.

A.4.3.1(4)   A fire test with a formula of this type using liquefied
petroleum gas was successful. An emulsion in an aerosol prod‐
uct is a mixture of two or more liquids, one of which is present
as droplets of microscopic or ultramicroscopic size distributed
throughout the other. Emulsions are formed from the compo‐
nent liquids either spontaneously or, more often, by mechani‐
cal means such as agitation, provided that the liquids that are
mixed have no (or a very limited) mutual solubility. Emulsions
are stabilized by agents that form films at the surface of the
droplets (e.g., soap molecules) or that impart to them a
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mechanical stability (e.g., colloidal carbon or bentonite).
Colloidal distributions or suspension of one or more liquid(s)
with another liquid will have a shelf life that varies with the effi‐
ciency of the recipe used.

A.4.3.3   The aerosol industry might work on a plastic aerosol
product with a formula requiring greater protection than Plas‐
tic Aerosol 1, but less protection than that required for Plastic
Aerosol 3. By designating the product in 4.3.3 as Plastic Aerosol
3, it will not lead to a conflict for a later formula in regard to
carton marking and sprinkler protection requirements.

A.6.1   The hazards relative to each manufacturing operation
will depend on the flammability of both the base products and
the propellant. Information on the properties of liquefied
petroleum gases, including safe handling and storage, is found
in NFPA 58. Information on the handling and storage of igniti‐
ble (flammable and combustible) liquids is found in NFPA 30.

An example of an aerosol product that is not flammable or
combustible, therefore not covered by this chapter, is whipped
cream: the base product is a water-based material and the
propellant is nitrous oxide, which is nonflammable.

The HCPA Aerosol Propellants: Considerations for Effective
Handling in the Aerosol Plant and Laboratory, provides additional
guidance and resources for aerosol manufacturing facilities
and safe handling of aerosol propellants.

A.6.3   It is essential that any flammable propellant charging
room be designed by qualified professionals.

A.6.3.4.1   Aerosol product-filling rooms that utilize flammable
propellants have an inherent deflagration hazard. The hazard
severity will depend upon the volume and speed of the acciden‐
tal flammable gas release. The worst case explosion potential
involves filling more than 10 percent of room volume with a
flammable gas–air mixture.

The ignition of this flammable mixture will result in a signifi‐
cant pressure rise, the production of hot combustion gases, and
flame. It is essential that the design of the room or building is
proper for this type of event; otherwise failure of the room/
building and/or roof could result from the uncontrolled
release of the hot combustion gases, flames, and pressure.
Damage-limiting construction is the best available technology
for this type of event, which consists of a combination of pres‐
sure-relieving deflagration venting and pressure-resistant
construction. (See NFPA 68.)

In certain cases, existing facilities could be difficult and
extremely costly to retrofit with adequate damage-limiting
construction. The protection performance goal in these cases
is to limit the deflagration to the room of origin. The options
available for controlling a deflagration in such facilities are
limited. NFPA 69 provides some possible approaches that are
aimed at either preventing deflagration (e.g., reducing oxygen
concentrations, or reducing fuel concentration) or trying to
limit the effects of a deflagration (e.g., deflagration suppres‐
sion, deflagration pressure containment). The most commonly
used approach involves use of a deflagration suppression
system. Deflagration suppression systems are most likely to be
effective when smaller gas releases are involved. The use of
deflagration suppression systems is advised since the personnel
protection benefits against a deflagration resulting from small
flammable gas–air mixtures cannot be underestimated.

A.6.4.1   For further information, see NFPA 91.

A.6.4.2(4)   Adequate ventilation of flammable propellant
charging and pump rooms is necessary to maintain these
rooms at a safe level, well below the lower explosive limit (LEL)
of the propellant being used. The internal volume of these
rooms should be as small as practical to minimize the capital
and operating costs of the ventilation system, as well as the cost
of heating and conditioning the required make-up air. The
formula given in 6.4.2(4) is used to determine the required
ventilation flow rate. In no case should the required ventilation
be less than one air change per minute. The following are
some considerations to take into account when using the
formula:

(1) The LEL used in the calculation should be that of the
most flammable propellant gas used. Normally, this will
be isobutane (propellant A-31), which has an LEL of
1.8 percent in air at 21°C (70°F). Butane has the same
LEL. All other flammable propellants have LELs that are
higher. Thus, the two isomeric butanes are considered
the most hazardous propellants, and the ventilation
system is normally designed based on their use.

(2) The volume of vapor produced by one liter of propellant
determines the quantity of saturated vapor that the venti‐
lation system must handle, based on the volumetric flow
rate of the propellant through the system. For isobutane,
this factor is 0.23 m3 of vapor per liter (30.77 ft3 of vapor
per gallon), at 21°C (70°F) and sea level conditions.

(3) The LEL design level is an arbitrary decimal fraction.
This establishes the maximum amount of vapor concen‐
tration that the ventilation system will handle and is, in
effect, a percentage of the LEL. Since combustible gas
detection systems are set to alarm at 20 percent of the
LEL and operational shutdown is set at 40 percent of the
LEL, it is recommended that the design level not exceed
10 percent of the LEL. In other words, DL in the equa‐
tion should not exceed 0.10.

(4) R as used in the equation represents an estimate of how
much propellant is lost from the equipment under
normal operating conditions, plus 20 percent for occa‐
sional leaks. These losses are due to minor seal and hose
leakage and minor loss from the equipment as it is oper‐
ating. This number is calculated as follows:

R =








 × ( )

×

1 gal

3785 cc
  cc loss per can

  cans per minute(( ) × ( )  safety factor

 
[A.6.4.2(4)a]

The following considerations should be taken into account
when using the above formula.

Loss per container. This is the maximum quantity of propellant
that is expected to be lost during the propellant-filling opera‐
tion and will depend on the type of filling mode used. Some
propellant fillers will release 3.0 cubic centimeters (cc) per
container per filling station.

Some propellant fillers will fill each container several times
from separate filling stations. In this case, the loss per
container will be the loss per fill multiplied by the number of
fills per container.

Some filling operations require the use of two different fill‐
ers. An example is aerosol antiperspirant, which is filled using
an under-the-cup filler, followed by a through-the-valve filler.
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The second filler injects a relatively small quantity of propel‐
lant, primarily to flush the viscous base product out of the aero‐
sol dip tube. For these systems, the combined release amounts
to about 4.0 cc per container.

In other systems, different propellants are added at separate
filling stations. This eliminates the need for propellant blend‐
ing equipment or blend holding tanks. The manufacturer of
the filling equipment should be consulted for an estimate of
the expected losses during filling.

Cans per minute. This is the maximum production rate for the
entire propellant charging room. The ventilation system needs
to be designed to handle the expected losses from the highest
number of cans that can foreseeably be filled per minute,
based on a 10- to 20-minute reference period. The average rate
per shift should not be used, since the average rate will always
be lower than the maximum production rate by 10 percent to
25 percent. If there are multiple fill lines, the maximum
production rates need to be added for each. Also, if an addi‐
tional fill line is later added, the capacity of the ventilation
system needs to be increased accordingly.

Safety factor. A 20 percent safety factor is generally used to
account for minor seal leaks and hose leaks, dead spots, and
occasional container ruptures.

The following is an example of the formula’s use:

Assumptions: Under-the-cup filler, 3 cc release per container.
A second machine in the propellant charging room is an index‐
ing through-the-valve filler that fills each container three times
at three separate stations with a loss per fill of 1 cc times 3 fills
per container, which equals 3 cc released per container. Each
machine is operating at 150 containers per minute. Propellant
is isobutane; LEL is 1.8 percent (30.59 ft3/gal). Safety factor for
leakage is 20 percent. LEL design level is 10 percent.

Gal released per min

 cc/container 2

=

( )( )( )( )3 0 150 1 2

3785 4

. .

.   cc/gal

 gal/min

( )

= 0 2853.

Required ft /min

30.59 ft /gal  gal/min

3

3

=

−( )( )( )100 1 8 0 2853

0

. .

.. .10 1 8

4761

( )( )

=  ft /min3

The equations assume that the released propellant gas and
the entering make-up air will quickly mix and the resulting
homogeneous mixture will then be exhausted. This is not the
case. Thus, the calculations give results that will be on the
conservative side in some locations within the propellant charg‐
ing room and on the improvident side in others. For example,
air entering the exhaust registers at points remote from the
propellant filler will have a concentration of propellant that is
much less than the average value upon which the ventilation
system is designed.

 
[A.6.4.2(4)b]Δ

 
[A.6.4.2(4)c]Δ

Because some of the propellant will be swept into the near‐
est part of the exhaust system before being fully diluted, the
apparent efficiency of the ventilating system is improved,
providing an additional safety factor. This efficiency can be
measured using combinations of velocity meters, explosime‐
ters, and gas density plots. For all but a few percent of the
volume in the typical propellant charging room, the concentra‐
tion of propellant will be substantially less than the designed-
for 10 percent of the LEL. This means that the gas detection
heads might give very different readings if their positions are
changed. Care needs to be exercised in determining the opti‐
mum location of the detector heads, especially if there are
multiple propellant fillers in the room. In such cases, the use of
three or four detection heads could be considered, rather than
the two that are normally used.

A.6.4.2(8)   See NFPA 91 for further information.

A.6.4.4   The enclosure required for the test bath provides
protection for personnel and improves the efficiency of the
local exhaust ventilation.

A.6.5.2   See also NFPA 497.

A.6.5.3   For aerosol products that contain no flammable
propellant or base product components, enclosures should be
provided to protect operators in case an aerosol container
ruptures.

A.6.6   See NFPA 77 for further information.

A.6.7   The gas detection system should be provided with detec‐
tion heads located inside the charging and pump rooms and
just inside the conveyor openings into the charging or pump
room and into the main production building. Detection heads
should also be located within any conveyor enclosure between
the charging or pump room and the main production build‐
ing. Where flammable propellants are stored in a tank farm,
the tank farm should be provided with an approved gas detec‐
tion system and the signal sent to a constantly monitored loca‐
tion.

A.6.8.1   Dry-pipe or preaction systems are not allowed. Tests
have shown that control of a fire involving aerosol products
requires immediate application of water when the first sprin‐
kler operates. Fire growth is rapid and, once thoroughly estab‐
lished, cannot be controlled by conventional or ESFR systems.
Any significant delay in sprinkler discharge will allow the fire to
overtax the system. Increasing the design area for a dry-pipe or
preaction system is not feasible because the delay will allow too
many sprinklers to operate, thus overtaxing any practically
designed water supply.

Paragraph 6.8.1 should not be interpreted as discouraging
the use of a foam-water sprinkler system. As long as the ceiling
density is not reduced, the use of a foam-water system does not
introduce any known negative effects and could offer some
additional benefits in combatting any spill fire that might
result.

A.6.10.1   See Annex A of NFPA 15 for further information.
Also, see NFPA 30.

A.6.13.3.2.1   This can be accomplished by the installation of a
high-pressure shutdown switch or a safety relief valve installed
in the propellant bypass return line [set at a minimum gauge
pressure of 345 kPa (50 psi) below the setting of the hydrostatic
relief valves], and vented into a vent pipe equipped with a flow
switch, or sensor.
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A.6.14   The principal concern in the event of a shrink-wrap
tunnel failure is the risk of aerosol container failure and subse‐
quent fire. In the event of a container failure, significant ejec‐
tion speeds, sympathetic failures of adjacent containers, and
hot surfaces present serious potential exposures. In turn, igni‐
tion of flammable solvent or propellant vapor can result, with
the consequence of this that an explosion can further augment
the original ejection force. This can be a significant hazard to
operators in the vicinity. Newly installed shrink-wrapping
machines should be equipped with numerous safety features
and equipment suppliers should be advised of such features
prior to placing orders.

The high fire risk associated with shrink-wrap tunnels should
be considered when determining their location. Shrink-wrap
acts as a very good insulator, which can facilitate overheating
during its passage through the tunnel. Some containers can act
as very efficient heat sinks, resulting in fast heating of the
containers if the film fails. This can also be exacerbated by the
use of high proportions of substances with low specific heats in
the formulations.

Automatic film failure detection, which switches off the
heater and stops the machine in-feed, is necessary. The follow‐
ing list offers further guidance:

(1) The shrink-wrap machine design should ensure that
containers are prevented from being trapped in the
heating tunnel by internal obstructions.

(2) An alarm should be activated in the event of unplanned
stoppage.

(3) The shrink-wrap machine should have a secondary
means of keeping the tunnel conveyer moving in the
event of power failure.

(4) In the event of conveyor power failure, standby power is
recommended in place of a backup air motor. This cuts
in to energize the conveyor if any phase drops more
than 10 percent. The in-feed gate and heaters should
also automatically switch off and the operator should be
alerted by a suitable alarm. If an air motor system is
installed, a dedicated air receiver should be connected
via metal pipework. This receiver should store enough
air to evacuate any “packs” in the tunnel and be
constantly fed by the compressor via a nonreturn valve.
An air pressure switch should be installed to interlock
with the shrink-wrapper control system. Neither backup
system will be of any use if the belt itself or transmission
is broken, so a motion detector should also be installed
to confirm belt movement and initiate the shutdown
described if the belt stops during production.

(5) Operator protection training should include the use of
appropriate personal protective equipment (PPE) in the
event containers or collations must be removed
manually during a breakdown or unplanned stoppage.

(6) Automatically operated fire suppression systems should
be installed in accordance with applicable NFPA codes
and standards. Portable fire extinguishers should be
provided and located in accordance with NFPA 10.

(7) There should be a 30-minute fire-resistant partition or
other equivalent means to prevent the spread of fire
between the shrink-wrapping machine and the remain‐
der of the aerosol product filling line.

(8) Access to and escape routes from the shrink-wrapping
machine should be kept clear at all times.

(9) Supplies of packaging materials should be stored or
staged in defined areas away from the shrink-wrapping
machine.

(10) There should be an automatic device to detect film fail‐
ure and prevent new collations from being allowed to
enter the heating tunnel in the event of a film failure.

(11) A pusher rod with a flat plate on the end that is specifi‐
cally designed for the shape of the heating tunnel or
equivalent system, should be provided. The rod will
allow operators to rapidly clear the heating tunnel of all
collations and containers in the event of a total conveyer
failure.

(12) A suitable means of ensuring that trapped aerosol
containers can be rapidly removed from the tunnel
(because either the conveyor has stopped or they have
caught on some obstruction) is essential. The inside of
the tunnel should be designed with sloping sides to
prevent loose aerosol containers from being retained
under the heaters. The design of such a system needs to
provide for the protection of operators removing aerosol
containers trapped in the heating tunnel because a fully
pressurized aerosol container that fails and its contents
can be ejected with considerable force. Therefore, a
remote-operated or automatic mechanism or system
might be preferable. The procedure described should
be carried out only if aerosol containers have remained
in the tunnel for a short time and the operator is aware
that it is within a safe period.

(13) The operator should be provided with the necessary PPE
and be trained in its proper use, the proper use of the
pusher rod, and the risks involved.

(14) A switch should be installed to allow the power supply to
the tunnel heat to be turned off in the event of an emer‐
gency.

(15) The tunnel heater power switch should be provided with
automatic shutdown systems that are manually reset.

(16) An emergency air blower or other means of rapidly cool‐
ing the tunnel should be installed according to the spec‐
ification provided by the equipment supplier, unless an
automatic fire suppression system is provided.

(17) Detectors should be installed to count collations in and
out of the heating tunnel to activate heater power
cutouts and alarms and to stop in-feed gates in the event
of a tunnel blockage.

(18) Heated surfaces can ignite burst containers, so container
stability must be ensured, especially when containers are
being unwrapped without trays. If there is a likelihood of
unstable containers in this area, appropriate sensors
should be installed to inhibit the in-feed gate until the
containers are removed. Installing gaseous or dry chemi‐
cal automatic protection into the shrink-wrapper tunnel
is an effective way to directly reach the source of fire.
Such systems can be activated by the operator from a
safe location or installed to automatically activate by
optical flame detectors located at each end of the
tunnel. In addition to the tunnel, the discharge nozzles
should also cover the film sealing area.

(19) The fire suppression system should be connected to the
building fire alarm system.

(20) Where conveyers feed shrink-wrapped collations to
further automatic equipment downstream from the
shrink-wrapping machine, there should be an out-feed
light curtain or similar device to detect backup from the
downstream equipment and to stop the in-feed gate
until there is no longer a backup.
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(21) There should be a device installed to detect excess
temperatures in the heating tunnel, producing an alarm,
cutting power to the heaters, starting the air blowers (if
installed), and stopping the in-feed gate.

(22) The excess temperature detector should be calibrated at
regular specified intervals and the results recorded.

(23) A tunnel temperature indicator should be installed for
operator information and maintenance purposes show‐
ing low, normal, and high/excess bands.

(24) The temperature indicator should be calibrated at regu‐
lar specified intervals and the results recorded.

(25) All electrical resets on shrink-wrappers should be
manually operated only.

(26) Safeguarding should be provided to prevent injury to
operators from ejected containers and contact with hot
surfaces.

A.6.15.1.1   The design, installation, and operation of aerosol
product laboratories should consider the following:

(1) Ventilation
(2) Gas detection
(3) Fire protection
(4) Electrical area classification
(5) Storage and handling of flammable gases and liquids
(6) Specialized testing
Where practical, aerosol product laboratories should be loca‐
ted such that they have at least one outside wall.

A.6.15.1.2   Ventilation is the best general precaution to control
the accumulation of flammable vapors that could result in a
deflagration.

A.6.15.1.3   For example, HFC-152a could corrode certain types
of monitors that were designed only for hydrocarbons. Systems
should also be set to alarm at levels that provide time for action
to prevent additional rise in levels of potentially hazardous
compounds.

A.6.15.1.5   Under some conditions of hazard, it might be
necessary to classify a laboratory work area, or a part thereof, as
a hazardous location for the purpose of designating the electri‐
cal installation.

A.6.15.4   Information on gas detection systems for aerosol
product applications can be found in the HCPA publication,
Aerosol Propellants: Considerations for Effective Handling in the Aero‐
sol Plant and Laboratory.

A.7.1.3   At the present time there have been no fire-retardant
packaging systems tested that have demonstrated substantial
mitigation of the fire hazards presented by aerosol products.

A.7.2   Fire tests and fire experience show that Level 1 Level
1 Aerosol Products present relatively the same fire hazards as
Class III commodities, as these are defined and described in
NFPA 13. In some cases, the AHJ or applicable fire or building
regulations might require storage of such materials to be
protected from fire. If fire protection is by means of automatic
sprinklers, then the requirements of NFPA 13 should be used
as a design basis.

A.7.4.2.2   Fire testing has not been performed on encapsula‐
ted pallets of cartoned aerosol products; however, this type of
protection should be appropriate for this condition, based on
testing of uncartoned aerosol products.

A.7.4.2.9.6   In-rack sprinklers have proven to be the most
effective way to fight fires in rack storage. To accomplish this,
however, in-rack sprinklers must be located where they will
operate early in a fire as well as direct water where it will do the
most good. Simply maintaining a minimum horizontal spacing
between sprinklers does not achieve this goal, because fires in
rack storage develop and grow in transverse and longitudinal
flues, and in-rack sprinklers do not operate until flames
actually impinge on them. To ensure early operation and effec‐
tive discharge, in-rack sprinklers in the longitudinal flue of
open-frame racks must be located at transverse flue intersec‐
tions. The commodity loads shown in Figure 7.4.2.7(a) through
Figure 7.4.2.7(e) are typically 1.2 m (4 ft) cubes. Accounting
for flue spaces and vertical clear space between loads, this puts
the in-rack sprinklers shown in the figures approximately 1.4 m
(4.5 ft) apart horizontally when they are between each load and
approximately 2.7 m (9 ft) apart horizontally when they are
spaced at every other load. If the length or width of loads
exceeds 1.2 m (4 ft), in-rack sprinklers should still be posi‐
tioned at flue intersections, but additional sprinklers might be
necessary between the loads.

A.7.4.8.2.3.2   The 2.9 mm (9 gauge) chain-link fencing refer‐
red to by this paragraph refers to the standard industrial-grade
chain link, such as is used for property fencing. Lighter-gauge
fencing will not restrain rocketing aerosol containers, based on
test experience.

A.7.4.9.1   See NFPA 80A for recommended separation.

A.7.5.1.2   The maximum quantity of storage of Plastic Aerosol
X Products is limited to what is provided in 7.5.1.2 because no
demonstrated protection criteria are available.

A.9.3.3   See NFPA 51B for further information.

N A.9.5.1.4.1   The concentrate collected from the evacuation
operation will contain varying levels of dissolved propellants,
depending on chemical composition and temperatures.

N A.9.5.1.4.4.5(A)   The atmosphere in evacuation equipment
that processes aerosol products containing Class I liquid
propellants passes through the flammable range.

A.9.6   The HCPA Aerosol Propellants: Considerations for Effective
Handling in the Aerosol Plant and Laboratory provides a detailed
table of mechanical integrity inspection recommendations for
a typical aerosol production facility. It includes suggested items
to be inspected, inspection intervals, and required inspection
personnel qualifications. It can be used as a guide to develop a
mechanical integrity inspection plan for individual production
facilities.

A.9.7   See NFPA 77 for further information.
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Annex B   Mechanism of Fire Growth in Aerosol Products

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 Introduction.   The automatic fire protection alternatives
given in Chapter 7 of this code are derived from more than a
dozen aerosol product fire tests conducted by a major insur‐
ance company in the late 1970s and early 1980s [see Table B.1(a)
and Table B.1(b)], and more than 50 small-, medium-, and large-
scale tests sponsored by the aerosol products industry in the
1980s [see Table B.1(c) through Table B.1(g)]. This aerosol prod‐
ucts fire research represents a significant body of knowledge
regarding fire development and control for various types of
aerosol products in metal containers in various storage and
protection scenarios.

A complete and detailed history of these aerosol product
storage research efforts can be obtained on request from the
Chemical Specialties Manufacturers Association, Inc., in the
form of a series of articles entitled “An Industry Responds: A
Technical History of the CSMA Aerosol Warehouse Storage
Fire Protection Research Program.” Send requests to the atten‐
tion of the Director of Scientific Affairs, Chemical Specialties

Manufacturers Association, Inc., 1913 I Street N.W., Washing‐
ton, DC 20006.

Aerosol product warehouse storage fires, using standard fire
test igniters, begin as cardboard fires. The fire grows up the
flue, burning off the carton faces, and there is usually a flame
1.5 m to 3.0 m (5 ft to 10 ft) above the top of the array before
the first aerosol container ruptures and aerosol products
become involved in the fire. Depending on the type of aerosol
product, the first container rupture tends to occur at
30 seconds to 60 seconds after ignition in rack storage arrays
and 90 seconds to 120 seconds in palletized storage arrays.

When aerosol containers begin to rupture, some of the heat
from the fuel added by the aerosol product goes quickly to the
ceiling, while some is absorbed into other aerosol products,
bringing them closer to, or exceeding, their burst pressure.
Early application of adequate densities of sprinkler water is the
most effective way to control or suppress an aerosol product
fire, avoiding a chain reaction that can lead to loss of control.
For this reason, early suppression fast response (ESFR) sprin‐
kler protection is especially effective for aerosol products.

Table B.1(a) Spray Sprinkler Tests

 Test No.

1 2 3 4 5 6 7

Type of Aerosol Base Product Alcohol Alcohol Toluene Alcohol Toluene Alcohol Toluene
No. of Pallet Loads 8 24 8 12 12 8 1
Storage Configuration Rack Rack Rack Palletized Palletized 2 × 2 × 2 Palletized
No. of Ceiling Sprinklers Operated 13 16 43 4 92 64 36
Time of Operation of First 

Sprinkler, min:sec
1:52 2:06 2:19 3:05 3:03 1:26 9:23

No. of In-Rack Sprinklers Operated 5 6 5 — — — —
Maximum Near-Ceiling Gas 

Temperature, °F (°C)
1292 1334 1493 938 2216 1789 1905

(700) (723) (812) (503) (1213) (976) (1040)
Time of Maximum Gas 

Temperature, min:sec
3:19 5:41 3:48 3:09 4:54 4:26 9:58

Time Above 1000°F (538°C) — — — — 2:16 3:32 0:52
Maximum Near-Ceiling Steel 

Temperature, °F (°C)
642 815 973 378 1439 — 626

(339) (435) (503) (192) (782) — (330)
Aisle Jump No No Yes No Yes — —
Fire Controlled Yes Yes No Yes No No No

All Tests

Test Location Factory Mutual Test Center, West Glocester, Rhode Island; 30 ft (9 m) high test site.
Ignition Two cellucotton rolls — 3 in. dia. × 3 in. long (7.5 cm × 7.5 cm), each soaked in 4 oz (118 ml) of gasoline.
Protection/Ceiling 1∕2 in. (12.7 mm) standard orifice, 286°F (141°C) [165°F (74°C) in Test No. 6]; 10 ft × 10 ft (2.5 m × 

2.5 m) spacing; approx. 0.30 gpm/ft2 (12.2 L/min · m2) density.
Protection/In-Rack Three 1∕2 in. (12.7 mm) standard orifice, 165°F (74°C) rated, upright sprinklers at the first, second, and 

third tier levels; 30 psi (207 kPa) discharge pressure.
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Table B.1(b) Spray Sprinkler Tests

 Test No.

 1 2 3 4 5 6 7 8 9 10

Ceiling Sprinkler Density, 
gpm/ft2 (L/min·m2)

0.6 (24) 0.6 (24) 0.6 (24) 0.3 (12) 0.6 (24) 0.3 (12) 0.3 (12) 0.3 (12) 0.6 (24) 0.3 (12)

Type of Aerosol Base Product Toluene Toluene Toluene Toluene Paint Alcohol Perfume Deodorant Toluene Butane
No. of Pallets 8 12 24 24 10 1 1 1 24 1
Storage Configuration (r = rack, 

p = palletized 3 × 4 × 1 high)
r p r r p — — — p (2 high) —

No. of Ceiling Sprinklers 
Operated

12 4 5 5 18 4 0 3 44 —

Time of Operation of First 
Sprinkler, min:sec

1:37 2:33 3:37 2:15 2:35 4:21 — 4:13 2:07 —

No. of In-Rack Sprinklers 
Operated

6 — 5 1 — — — — — —

Maximum Near-Ceiling Gas 
Temperature, °F (°C)

1527 
(830)

1177 
(636)

790 
(421)

1410 
(765)

1343 
(728)

697 
(369)

165 (74) 520 (271) 2162
(1183)

372
(189)

Time of Maximum Gas 
Temperature, min:sec

3:32 2:34 3:32 2:17 4:02 4:27 4:50 3:57 4:03 6:13

Time Above 1000°F (538°C) 2:28 0:04 0:28 0:44 0:06 — — — 4:56 —
Maximum Near-Ceiling Steel 

Temperature, °F (°C)
835 
(446)

417 
(214)

213 
(101)

375 
(191)

323 
(162)

170 
(77)

100 (38) 177 (80) 1557
(847)

243
(117)

Aisle Jump Yes No Yes No Yes — — — Yes —
Fire Controlled Yes Yes Yes Yes Yes Yes Yes Yes No Yes

All Tests

Test Location Factory Mutual Test Center, West Glocester, Rhode Island; 30 ft (9 m) high test site.
Ignition Two cellucotton rolls — 3 in. diam × 3 in. long (7.5 cm × 7.5 cm) each soaked in 4 oz (118 ml) of gasoline.
Protection/Ceiling 17∕32 in. (13.5 mm) large orifice, 286°F (141°C); 10 ft × 10 ft (2.5 m× 2.5 m) spacing [Tests 1–3, 5, and 9]. 1∕2 in. (12.7 mm) 

standard orifice, 286°F (141°C); 10 ft × 10 ft (2.5 m × 2.5 m) spacing [Tests 4, 6–8, and 10].
Protection/In-Rack Three 1∕2 in. (12.7 mm) orifice, 165°F (74°C) rated, upright sprinklers per tier; 30 psi (207 kPa) discharge pressure.

Table B.1(c) Tests on Product and Packaging Changes Data Summary Series 1

 

Test No.

1 2 3 4 5 6

Type of Aerosol Base Product Paint Paint Paint Paint Paint Paint
Packaging Variable — Rim-vent- 

release 
cans

Fire retardant 
cartons

Shrink- wrapped 
pallets

Methylene 
chloride 
solvent

Metal overcaps

Test Results
Sprinklers Operated 4 33 4 30 28 5
Maximum Ceiling Temperature, °F 1010 2141 980 1525 1881 1220
Time of First Can Rupture 1:31 1:20 1:56 1:25 1:18 1:36
First Sprinkler Activation 2:15 1:40 2:40 2:13 1:45 1:55
Final Sprinkler Activation 2:22 5:09 4:12 5:22 4:55 3:06
Estimated Product Damage 60% 70% 40% 80% 70% 75%
Comments Fire controlled by 

four sprinklers 
in 9–10 min

Fire built 
rapidly out 
of control, 
reaching 

maximum 
intensity at 

6 min

Fire controlled 
by four 

sprinklers in 
6 min, after 

slow fire 
development

Increased fire 
intensity after 

4 min 
required test 
to be aborted 

at 5:20

Increased fire 
intensity 

after 3 min 
required 
test to be 
aborted at 

4:30

Fire controlled by 
five sprinklers in 

9–10 min

All Tests

Test Location 20 ft ceiling (tests conducted on 40 ft × 40 ft metal platform).
Ignition Two-pallet array spaced 1 ft apart with ignition between pallets by two half-igniters (plastic bags containing 4 oz 

heptane on cotton rolls).
Protection Standard orifice sprinklers with 286°F (141°C) links installed 10 ft apart; 29 psi constant water pressure delivering 

0.3 gpm/ft2.

For SI units, 1 ft = 0.3048 m; 1 ft2 = 0.0929 m2; 1 gpm/ft2 = 40.743 L/min· m2; 1 psi = 6.895 kPa; 1 gpm = 3.785 L/min.
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Table B.1(d) Intermediate-Scale Tests Data Summary Series 2

 

Test No.

1 2 3 4 5 6

Type of Aerosol Base 
Product

Hair spray Hair spray Air freshener Furniture polish Laundry
pre-wash

Toluene/A-70

Pallet Configuration 2 × 2 × 2 2 × 2 × 3 1 × 2 × 1 1 × 2 × 1 1 × 2 × 1 1 × 2 × 1
Sprinkler 1∕2 in. 17∕32 in. 1∕2 in. 1∕2 in. 1∕2 in. 1∕2 in.
Link Temperature, °F 160 160 280 280 280 280
Water Pressure, psi 30 30 30 30 30 30
Water Density, gpm/ft2 0.3 0.43 0.3 0.3 0.3 0.3
Test Results
Sprinklers Operated 33 23 1 3 3 16
Maximum Ceiling 

Temperature, °F
1761 1475 659 603 653 1855

Time of First Can Rupture 1:48 1:50 1:45 1:54 1:51 1:50
First Sprinkler Activation 2:02 2:05 3:05 6:08 4:17 2:16
Final Sprinkler Activation 6:36 4:50 — 6:10 4:20 4:48
Estimated. Product Damage 50% 75% 20% 50% 75% 65%
Comments Poor control; 

intense fire 
for 15 min

Intensity of fire 
required test to 
be aborted at 

8:20

Fire easily 
controlled in 

5 min by single 
sprinkler

Fire controlled in 
9 min after slow 

fire build-up

Fire reasonably 
well 

controlled in 
10–12 min

Intense fire for 
8–10 min 

before any 
control 

established

All Tests

Test Location 20 ft ceiling (tests conducted on 40 ft × 40 ft metal platform).
Ignition Ignition by two half-igniters (plastic bags containing 4 oz heptane on cotton rolls).
Protection Sprinklers installed on 10 ft grid.

For SI units, 1 ft = 0.3048 m; 1 ft2 = 0.0929 m2; 1 gpm/ft2 = 40.743 L/min· m2; 1 psi = 6.895 kPa; 1 gpm = 3.785 L/min.

Table B.1(e) Control Mode Specific Application (CMSA) Sprinkler Tests — Intermediate-Scale Data Summary Series 3

 

Test No.

1 2 3 4 5 6 7

Type of Aerosol Base 
Product

Hair spray Hair spray Hair spray Paint Furniture 
polish

Paint Paint (RVR/
MeCl)*

Pallet Configuration 2 × 2 × 3 2 × 2 × 3 2 × 2 × 3 2 × 2 × 3 2 × 2 × 3 2 × 2 × 2 1 × 2 × 1
Sprinklers 17∕32 in. 0.64 in. 0.64 in. 0.64 in. 0.64 in. 0.64 in. 1∕2 in.
Link Temperature, °F 160 160 160 160 160 160 280
Water Pressure, psi 56 50 25 75 50 75 30
Water Density, gpm/ft2 0.6 0.8 0.56 0.96 0.8 0.96 0.3
Test Results
Sprinklers Operated 4 4 18 4 4 4 36
Maximum Ceiling 

Temperature, °F
1080 1645 1439 1350 1068 1111 2163

Time of First Can Rupture 1:48 1:45 1:46 1:35 1:56 1:47 1:20
First Sprinkler Activation 1:56 1:54 1:53 1:43 2:27 2:01 1:47
Final Sprinkler Activation 2:00 2:01 4:52 1:47 2:28 2:08 3:24
Estimated. Product Damage 20% 20% 50% 40% 20% 20% 90%
Comments Fire controlled 

in 6–8 min 
and 

suppressed by 
15 min

Fire fully 
suppressed 
in 10 min

Inadequate 
control led 

to 18 
sprinkler 

activations; 
potential 
for fire 
spread

Fire 
marginally 
controlled, 

but 
potential 
for fire 
spread

Fire controlled 
in 5–7 min

Fire well 
controlled 
in 4–5 min

Very intense fire; 
test aborted at 

3:20

All Tests

Test Location 20 ft ceiling (tests conducted on 40 ft × 40 ft metal platform).
Ignition Ignition by two half-igniters (plastic bags containing 4 oz heptane on cotton rolls).
Protection Sprinklers installed on 10 ft grid.

For SI units, 1 ft = 0.3048 m; 1 ft2 = 0.0929 m2; 1 gpm/ft2 = 40.743 L/min · m2; 1 psi = 6.895 kPa; 1 gpm = 3.785 L/min; 160°F = 71°C; 280°F = 138°C.
*Rim-vent release container; methylene chloride solvent.
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Table B.1(f) Control Mode Specific Application (CMSA) Sprinkler Tests — Large-Scale and Intermediate-Scale
Data Summary Series 4

 

Test No.

1 2 3 4 5

Type of Aerosol Base Product Paint Hair spray Laundry pre-wash Antiperspirant Paint
Pallet Configuration 2-High 3-High 2 × 2 × 2 2 × 2 × 3 2 × 2 × 3
Sprinkler 0.64 0.64 0.64 0.64 0.64
Link Temperature, °F 160 160 160 160 160 (150 RTI)*

Water Pressure, psi 75 50 50 75 75
Water Density, gpm/ft2 0.96 0.8 0.8 0.96 0.96
Test Results
Sprinklers Operated 4 7 4 7 4
Maximum Ceiling 

Temperature, °F
1158 1337 1116 1520 895

Time of First Can Rupture 1:30 1:33 2:24 1:45 1:34
First Sprinkler Activation 1:49 1:44 2:52 1:49 1:43
Final Sprinkler Activation 1:52 3:42 3:09 6:43 1:48
Estimated Product Damage — — 15% 50% 25%
Comments Fire well controlled in 3–

4 min; suppressed in 
15–20 min. No fire 
spread.

Fire well controlled in 
6–7 min, despite 2 
sprinkler 
malfunctions. No 
fire spread.

Fire well controlled 
in 5 min; 
suppressed within 
10–15 min. Fire 
spread unlikely.

Moderate control, 
fire persisted 
25 min; 
probability for 
fire spread.

Fire well controlled in 
5 min; suppressed 
in 15–20 min. Fire 
spread unlikely.

All Tests

Test Location 25 ft ceiling (tests conducted on 40 ft × 40 ft metal platform).
Ignition Ignition by two half-igniters (plastic bags containing 4 oz heptane on cotton rolls).
Protection Sprinklers installed on 10 ft grid.

For SI units, 1 ft = 0.3048 m; 1 ft2 = 0.0929 m2; 1 gpm/ft2 = 40.743 L/min · m2; 1 psi = 6.895 kPa; 1 gpm = 3.785 L/min; 160°F = 71°C; 280°F = 138°C.
*Response Time Index of 150.

Table B.1(g) ESFR Tests

 

Test No.

1 2 3 4 5 6 7 8 9

Aerosol Base Product Hair spray Paint Paint Paint Paint Paint Hair spray Hair spray Paint
Aerosol Product 

Classification
Level 2 Level 3 Level 3 Level 3 Level 3 Level 3 Level 2 Level 2 Level 3

Array Stack Height Rack, 18 ft 
10 in. 

(5.7 m)

Rack, 
13 ft 
10 in. 

(4.2 m)

Palletized,
 15 ft 
6 in. 

(4.7 m)

Rack, 13 ft 
7 in. 

(4.1 m)

Rack, 13 ft 
10 in. 

(4.2 m)

Rack, 13 ft 
10 in. 

(4.2 m)

Rack, 
13 ft 
10 in. 

(4.2 m)

Rack, 
18 ft 
10 in. 

(5.7 m)

Rack, 13 ft 
10 in. 

(4.2 m)

Ceiling clearance 6 ft 2 in. 
(1.9 m)

11 ft 2 in. 
(3.4 m)

9 ft 6 in. 
(2.9 m)

4 ft 2 in. 
(1.3 m)

11 ft 2 in. 
(3.4 m)

15 ft 0 in. 
(4.5 m)

15 ft 0 in. 
(4.5 m)

10 ft 0 in. 
(3 m)

15 ft 0 in. 
(4.5 m)

No. of Sprinklers above 
Ignition Point

4 4 4 2 1 1 1 2 1

Time of First Sprinkler 
Operation, min:sec

1:02 0:42 0:49 0:55 0:35 0:36 0:34 0:56 1:15

Time of Last Sprinkler 
Operation, min:sec

1:11 1:06 1:36 6:33 0:35 2:06 0:34 3:44 —

Total Sprinklers Operated 4 4 4 5 1 61 1 14 1
Peak Temperature, °F (°C) 1045 (563) 565 (296) 713 (378) 1421 (772) 256 (124) 1447 (786) 223 (106) 995 (535) 200 (93)
Time of First Container 

Rupture
1:03 1:01 1:29 0:52 None 0:44 0:46 1:01 0:10

Test Location Tests 1 
through 5

25 ft ceiling (tests conducted on 40 ft × 40 ft metal platform).

Tests 6 through 9 30 ft ceiling.
Ignition Tests 1, 2, and 4 

through 9
Ignition by four half-igniters (plastic bags containing 4 oz heptane on cotton rolls).

Test 3 Ignition by two half-igniters (plastic bags containing 4 oz heptane on cotton rolls).
Protection Sprinklers installed on 10 ft grid.

Note: All of the above tests, except for Test 9, were conducted with 50 psi (3.45 bar) operating pressure. Test 9 used 75 psi (5.2 bar).
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B.2 Rack Storage Arrays.   The rack storage configuration is
ideal for promoting fire development. The fuel is supported so
that air has access to the fire from all sides and so that the
stored commodity does not topple over, as it would in solid pile
storage. A rack also has many areas that are shielded from ceil‐
ing sprinkler discharge.

Fire tests of rack storage configurations show a very consis‐
tent development pattern: the fire starts at a point and widens
as it moves up the storage array, like a “V.” When the fire
reaches the second tier of storage, the flames fan out along the
bottom of the pallet above and spread laterally to the face of
the rack. Fireballs from rupturing aerosol containers, which
usually measure 3 m (10 ft) in diameter, also spread fire to the
face of the rack. Once the fire is established on the face of the
rack, the fire spreads rapidly upward and outward horizontally
in the classic “V” pattern, thus exposing more of the commod‐
ity. The fire on the face of the rack and within the transverse
flue spaces of the rack structure also causes more aerosol
containers to rupture. As additional containers rupture, unin‐
volved containers on the interior of the pallet load are now
exposed to the fire.

Fire can jump the aisle space between two rows of racks in
several ways. If the fire is severe enough, the radiant energy
alone can be sufficient to ignite combustible cartons or
commodities in the exposed rack. Fireballs from rupturing
aerosol containers are large enough to engulf adjacent racks
with flame. Occasionally, burning flammable liquid might be
ejected from rupturing containers with enough force to reach
the exposed storage.

In-rack sprinklers, located in the longitudinal flue space, are
highly effective in preventing the fire from crossing into the
other half of a double-row rack. Even in fire tests that were fail‐
ures (i.e., the fire jumped the aisle to involve the target array),
these in-rack sprinklers were successful in stopping the fire at
the flue space. Cartons were burned, but no aerosol containers
ruptured.

In-rack sprinklers located at the face of the rack structure
have been shown to stop the spread of fire up the face of the
rack. Their position within the rack structure allows them to
wet down the face of the storage array that fronts on the aisle.
This reduces the demand on the ceiling sprinkler system,
which allows a reduction in the design density of the ceiling
sprinkler system. Also, the ESFR sprinkler head operates fast
enough and discharges water at a high enough density that it is
capable of preventing fire spread up the face of the rack.

The combination of ESFR ceiling sprinklers and in-rack
sprinklers was determined in this case to be acceptable based
on the review of the original full-scale testing that was used to
determine adequate protection using in-rack sprinklers and
spray sprinklers at the ceiling. The low number of ceiling sprin‐
klers that operated in the full-scale tests indicates that the
substitution of ESFR sprinklers over racks with the same level of
in-rack sprinkler protection would not result in a more severe
fire. The in-rack sprinklers should be quick-response type and
should meet the currently required installation rules provided
in Table 7.4.2.7(e) through Table 7.4.2.7(m).

B.3 Palletized Storage Arrays.   Palletized storage does not
offer the same conducive conditions for fast fire growth as rack
storage, but can result in persistent fires if sprinklers are not
designed for proper protection.

Early aerosol product fire tests showed that standard spray
sprinkler protection had difficulty controlling Level 2 and
Level 3 Aerosol Products stacked more than 1.5 m (5 ft) high
under a 9 m (30 ft) ceiling. A major testing program sponsored
by the aerosol products industry was therefore begun to seek
more cost-effective storage and protection alternatives.

The first series in that program investigated packaging and
formulation alternatives in a series of small-scale tests on Level
3 aerosol paint products, protected by spray sprinklers [13 mm
(1∕2 in.) orifice] under a 6.1 m (20 ft) ceiling. The packaging
variables were rim-vent release cans, shrink-wrap replacing
cardboard cartons, metal instead of plastic overcaps, fire-
resistant cardboard cartons, and methylene chloride replacing
some of the petroleum distillate solvents.

None of these alternatives proved significantly beneficial as
compared to the standard “control” aerosol product. The rim-
vent release, shrink-wrap, and methylene chloride alternatives
resulted in harder-to-control fires. The metal overcap product
was essentially equivalent to the control. The fire-resistant
cartons primarily resulted only in delaying the fire buildup, but
had little benefit once aerosol products were involved.

Further aerosol product fire testing evaluated higher water
densities and larger-orifice sprinkler heads to protect higher
stacking in palletized storage arrays of Levels 1, 2, and 3 aerosol
products under low-to-medium ceiling heights [6.1 m to 7.6 m
(20 ft to 25 ft)]. Numerous successful protection alternatives
were found. To properly protect each class of aerosol product
stored in higher stack height and higher ceiling height scenar‐
ios was found to require higher water densities from larger-
orifice [13 mm to 16 mm (17∕32 in. to 0.64 in.)] sprinklers fitted
with low-temperature fusible links.

The final improvement in aerosol product fire protection
was found by using an even faster response sprinkler. ESFR
sprinklers, which are fitted with extremely fast-responding, low-
temperature links [71°C (160°F), Response Time Index = 50],
were found capable of protecting high-stack palletized aerosol
product storage under ceilings up to 9 m (30 ft) high, as well as
rack storage without in-rack sprinklers. In virtually all of the
successful ESFR tests, the fire was not only controlled, but
quickly suppressed and, in some cases, totally extinguished.
The success of ESFR protection for aerosol product storage
could be due primarily to the ability of these sprinklers to be
activated by cardboard on fire and to begin to fight the fire
before any aerosol products are involved.

B.4 Data from Full-Scale Rack Storage Fire Tests of Various
Aerosol Products in Metal Containers.   Table B.4(a) through
Table B.4(g) are taken from Tables A-1 through A-7 of the FM
Global Research Technical Report written by Joan Troup, “Full-
Scale Fire Tests: Sprinkler Protection for Rack Storage of
Plastic-Wrapped (Uncartoned) Aerosols.” These tables summa‐
rize a full-scale test series conducted by FM Global Research
and sponsored by the Alternative Aerosol Packaging Fire Test
Steering Committee. The testing investigated protection needs
for uncartoned aerosol product storage arrangements.
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Table B.4(a) Summary — Large-Scale Fire Test 1

Test Number & Date Test 1 February 3, 1998

Test Site Ceiling Height (ft) [m] 30 [9.1]
Commodity or Type of Fuel Generic Level 3 Aerosol*

Array Size & Storage Arrangement Double-Row Rack
Storage Height (ft) [m] 14 [4.3]
Number of Storage Levels 3
Aisle Width (ft) [m] 4 [1.2]
Ignition Centered Below (Number 

of Sprinklers)
1

Sprinkler Type Suppression
Sprinkler K-Factor (gpm/(psi)

1∕2) 
[L/min/(kPa)

1∕2]
14 [20]

Sprinkler Temperature Rating (°F) 
[°C]

165 [74]

Sprinkler Nominal Response Time 
Index (ft

1∕2sec
1∕2) [m

1∕2sec
1∕2]

50 [28]

Sprinkler Spacing (ft × ft) [m × m] 10 × 10 [3.05 × 3.05]
Sprinkler Discharge Pressure (psi) 

[bar]
75 [5.2]

Sprinkler Nominal Discharge 
(gpm) [L/min]

120 [454]

Fire Test Results

First Sprinkler Operation (min:sec) 1:17
Last Sprinkler Operation (min:sec) 7:45
Total Sprinklers Opened 5
Peak Gas Temperature Over 

Ignition (°F) [°C]
191 [88]

Peak Steel Temperature Over 
Ignition (°F) [°C]

128 [53]

Peak Heat Flux (Btu/ft2/sec) 
[kJ/m2/sec]

5.0 [57]

Estimated Equivalent Number of 
Pallet Loads Damaged

3

Test Termination — Time After 
Ignition (min)

9:00‡

*Corrugated paper tray, 2 in. (51 mm) high, containing twelve 12 oz
(360 ml) steel cans, encased in plastic film shrink wrapping.
‡Forced test termination due to growing fire.
Source: FM Global Research.

Table B.4(b) Summary — Large-Scale Fire Test 2

Test Number Test 2 June 23, 1998

Building Test Site Ceiling Height (ft) 
[m]

30 [9.1]

Commodity or Type of Fuel Generic Level 3 Aerosol*

Storage Arrangement Double-Row Rack
Storage Height (ft) [m] 19 [5.8]
Number of Storage Levels 4
Aisle Width (ft) [m] 8 [2.4]
Ignition Centered Below (Number of 

Ceiling Sprinklers)
4

Ceiling Level Sprinkler Details

Sprinkler Temperature Rating (°F) 
[°C]

286 [141]

Sprinkler K-Factor (gpm/(psi)
1∕2) 

[L/min/(kPa)
1∕2]

8 [11.5]

Sprinkler Nominal Response Time 
Index (ft

1∕2sec
1∕2) [m

1∕2sec
1∕2]

240 [133]

Sprinkler Spacing (ft × ft) [m × m] 10 × 10 [3.05 × 3.05]
Sprinkler Discharge Pressure (psi) 

[bar]
56 [3.9]

Sprinkler Nominal Discharge (gpm) 
[L/min]

60 [227]

In-Rack Sprinkler Details (Three Levels)

Sprinkler Temperature Rating (°F) 
[°C]

165 [74]

Sprinkler K-Factor (gpm/(psi)
1∕2) 

[L/min/(kPa)
1∕2]

8 [11.5]

Sprinkler Nominal Response Time 
Index (ft

1∕2sec
1∕2) [m1/2sec

1∕2]
50 [28]

Longitudinal Flue Sprinkler On-line 
Spacing (ft) [m]

4 [1.2]

Face Sprinkler On-line Spacing (ft) 
[m]

81∕4 [2.5]

Sprinkler Discharge Pressure (psi) 
[bar]

30 [2.1]

Fire Test Results

Longitudinal Flue In-Rack Sprinkler 
Operations (min:sec)

2:04, 2:05, 2:27

In-Rack Sprinkler Operations 
(min:sec)

16:56

Total Sprinklers Opened: In-Rack/
Ceiling

4/None

Peak Gas Temperature Over Ignition 
(°F) [°C]

0.46 [5.2]

Peak Steel Temperature Over 
Ignition (°F) [°C]

210 [99]

Peak Heat Flux (Btu/ft2/sec) 
[kJ/m2/sec]

98 [37]

Estimated Equivalent Number of 
Pallet Loads Damaged

< 11∕2

Test Termination — Time After 
Ignition (min)

30‡

*Corrugated paper tray, 2 in. (51 mm) high, containing twelve 12 oz
(360 ml) steel cans, encased in plastic film shrink wrapping; 85 tray-
packs per pallet load.
‡Hose lines used to extinguish residual fires.
Source: FM Global Research.
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Table B.4(c) Summary — Large-Scale Fire Test 3

Test Number & Date Test 3 June 25, 1998

Building Test Site Ceiling Height (ft) [m] 30 [9.1]
Commodity or Type of Fuel Level 2 Aerosol — 

Hair Spray*

Storage Arrangement Double-Row Rack
Storage Height (ft) [m] 14 [4.3]
Number of Storage Levels 3
Aisle Width (ft) [m] 4 [1.2]
Ignition Centered Below

(Number of Sprinklers)
1

Sprinkler Type Suppression
Sprinkler K-Factor (gpm/(psi)

1∕2)
[L/min/(kPa)

1∕2]
14 [20]

Sprinkler Temperature Rating (°F) [°C] 165 [74]
Sprinkler Nominal Response Time Index 

(ft
1∕2sec

1∕2) [m
1∕2sec

1∕2]
50 [28]

Sprinkler Spacing (ft × ft) [m × m] 10 × 10 [3.05 × 3.05]
Sprinkler Discharge Pressure (psi) [bar] 75 [5.2]
Sprinkler Nominal Discharge (gpm)

[L/min]
120 [454]

Fire Test Results

First Sprinkler Operation (min:sec) 1:23
Last Sprinkler Operation (min:sec) 1:23
Total Sprinklers Opened 1
First/Last Audible Aerosol Rupture 

(min:sec)
0:41/1:40

Peak Gas Temperature Over Ignition (°F) 
[°C]

208 [98]

Peak Steel Temperature Over Ignition 
(°F) [°C]

88 [31]

Peak Heat Flux (Btu/ft2/sec)
[kJ/m2/sec]

1.6 [18]

Estimated Equivalent Number of Pallet 
Loads Damaged

< 0.25

Test Termination — Time After Ignition 
(min)

6‡

*Paperboard tray, 11∕2 in. (38 mm) high, containing six 7 oz (200 ml)
steel cans, encased in plastic film shrink wrapping; 268 tray-packs per
pallet load.
‡Hose line used to extinguish small residual fire.
Source: FM Global Research.

Table B.4(d) Summary — Large-Scale Fire Test 4

Test Number & Date Test 4
January 29,

1999

Building Test Site Ceiling Height (ft) [m] 30 [9.1]

Commodity or Type of Fuel Level 3 Aerosol — 
Painta

Storage Arrangement Double-Row Rack

Storage Height (ft) [m] 24 [7.3]

Number of Storage Levels 5

Aisle Width (ft) [m] 8 [2.4]

Ignition Centered Below (Number of Ceiling 
Sprinklers)

2b

Ceiling Level Sprinkler Protection Details

Sprinkler Type Suppression

Sprinkler K-Factor (gpm/(psi)
1∕2)

[L/min/(kPa)
1∕2]

14 [20]

Sprinkler Temperature Rating (°F) [°C] 165 [74]

Sprinkler Nominal Response Time Index 
(ft

1∕2sec
1∕2) [m

1∕2sec
1∕2]

50 [28]

Sprinkler Spacing (ft × ft) [m × m] 10 × 10 [3.05 × 3.05]

Sprinkler Discharge Pressure (psi) [bar] 50 [3.4]

Sprinkler Nominal Discharge (gpm) [L/min] 100 [388]

In-Rack Sprinkler Protection Details
(Installed at First and Third Storage Levels)

Sprinkler Nominal Response Time Index 
(ft

1∕2sec
1∕2)[m

1∕2sec
1∕2]

50 [28]

Sprinkler K-Factor (gpm/(psi)
1∕2)

[L/min/(kPa)
1∕2]

8 [11.5]

Sprinkler Temperature Rating (°F) [°C] 165 [74]

Longitudinal Flue Sprinkler Spacing
(ft, apart) [m, apart]

4 [1.2]

Sprinkler Discharge Pressure (psi) [bar] 30 [2.1]

Fire Test Results

Total Sprinkler Operations: In-Rack/Ceiling 2/3

Longitudinal Flue Sprinkler Operations:

1st Tier and 3rd Tier (min:sec) 1:24, 1:07

Ceiling Sprinkler Operations (min:sec) 1:57, 1:58, 1:59

Peak Gas Temperature Over Ignition (°F) [°C] 394 [201]

Peak Steel Temperature Over Ignition (°F) 
[°C]

95 [35]

Peak Heat Flux (Btu/ft2/sec) [kJ/m2/sec] 1.4 [16]

Estimated Equivalent Number of Pallet Loads 
Damaged

< 1

Test Termination — Time After Ignition (min) 20c

aCorrugated paper tray, containing twelve 10 oz (300 ml) steel cans of
paint, encased in plastic film shrink wrapping; 135 tray-packs per pallet
load.
bOffset ignition.
cHose used to extinguish small residual fires.
Source: FM Global Research.
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